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DIOSCOREACEAER. Brown, Prodr. 1: 294. 1810, "Dioscoreae,'' norn. cons.

(Yam Family)

Twining [rarely erect] herbs [lianas or subshrubs] with rhizomes or fleshy

[rarely woody or corky] tubers, the tubers derived from the hypocotyl, the

internode above it, or both; plants with raphides in mucilaginous idioblasts,

frequently rich in steroidal sapogenins, and usually accumulating chelidonic

acid and lactone alkaloids. Stems smooth, winged [or spiny]; vascular bundles
closed, arranged in 2 [or 1] ring(s), the vessels restricted to the roots, stems,

and petioles, with scalariform perforation plates; sieve-tube plastids with cu-

neate, proteinaceous inclusions. Leaves alternate, rarely opposite or whorled,

long petiolate, simple [rarely palmately compound, with 3-7 leaflets], usually

cordate, entire, undivided [or palmately lobed], often with embedded muci-
laginous pits or nectaries, the tips usually with a distinct pore; venation palmate,

with 3-13 converging main veins and anastomosing lateral veinlets; stomata
anomocytic, rarely different; trichomes uniceUular, eglandular, simple [some-

times peglike, furcate (T-shaped), or stellate], often confined to the abaxial

surface and along the veins, rarely occurring on the petiole or stem. Inflores-

)er (Jour. Arnold Arb. 39: 296-346. 1958) and continued to the present. The a
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cenccs axillary racemes, spikes, panicles, or cymes, many flowered, usually

bracteate. Flowers trimerous, aclinomorphic [very rarely zygomorphic], im-

perfect (the plant dioecious [rarely monoecious]) [or perfect], subtended by 1

small [to large] bract and 1 [rarely 2] bracteoles. Tepals 6, in 2 whorls, distinct

[or connate], the perianth rotate [tubular to campanulate]. Stamens (absent in

the carpellate flowers but often represented by staminodia) 6, in 2 whorls [the

inner 3 sometimes staminodial or obsolete]; filaments distinct [connate at base,

or fused into a tube]; anthers 2-locular and the lobes contiguous or separated,

tetrasporangiate, dehiscing by longitudinal slits, introrse [or extrorse]; micro-

sporogenesis simultaneous; pollen grains binucleate, 2- to 4- [rarely l-]sulcate

[or 4- or 5-foraminate]. Gynoecium (rudimentary in the staminate flowers)

3-carpellate; ovary inferior, 3-locular, the placentation axile, septal nectaries

usually present; styles 3, connate at base [or distinct]; ovules 2 [to many] in

each locule, anatropous, bitegmic, crassinucellate, endosperm development

nuclear, the megagametophyte (embryo sac) of the Polygonum type. Fruits

triangular, 3-winged capsules [1 -seeded samaras, or berries]. Seeds flattened

[or globose], winged [or wingless]; embryos small, well differentiated, with a

subterminal plumule and a broad, flat, nearly lateral cotyledon embedded in

the hard, copious endosperm that contains lipids and aleurone, as well as

hemicellulose deposited in its thick cell walls. Base chromosome numbers 9,

10, 12. (Including Androsynaceae Salisb., Cladophyllaceae Dulac, Stenomer-

idaceae J. G. Agardh, Tamaceae Gray.) Type genus: Dioscorea L.

A family of seven genera and approximately 900 species of tropical, sub-

tropical, or rarely warm-temperate plants. Avetra Perr. (monotypic) is endemic

to Madagascar, while Borderea Miegeville (two species; Heywood) is restricted

to the Pyrenees. See, however, Mi^ge (1986; reference under Dioscorea) for

assignment of/). Gillettii Milne-Redhead (Kenya, Ethiopia) to Dioscorea sect.

Borderea (Miegeville) Bentham. Epipetrum Phil, (three species; Reiche) is

confined to Chile, Rajania L. (25 species) is native to the West Indies, Steno-

meris Planchon (two species) is indigenous to Malaysia (Borneo, Malay Pen-

insula, Philippines, Sumatra), and Tamus L. (five species) is widespread in the

Mediterranean area (southwestern Asia; southern, central, and western Europe;

northwestern Africa) and Macaronesia. Dioscorea, the largest genus of the

family, has approximately 850 species distributed on all continents except

Antarctica.

The limits of the Dioscoreaceae are controversial, and Knuth (1930) and

Burkill (1960) recognized ten and six genera, respectively. Both authors and

Cronquist have retained Trichopus Gaertner (monotypic; Sri Lanka, southern

India, Malaysia) in the family, while Ayensu (1966, 1972), Hutchinson (1973),

Dahlgren (1980, 1983), and Dahlgren, Chffbrd, & Yeo placed it in a monotypic

family, the Trichopodaceae Hutchinson, assigned to the Dioscoreales, a view

with which we agree. Trichopus differs from genera of the Dioscoreaceae in

having an erect (nontwining) herbaceous stem with one or a few flowers borne

opposite the leaf, glandular hairs, successive microsporogenesis, and long-ap-

pendiculate anthers. It also differs in nodal anatomy and chromosome number

(see below). The monotypic Petermannia F. Mueller (New South Wales and

Queensland, Australia), which was retained in the Dioscoreaceae by Knuth
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(1924, 1930), is now believed to represent a unigeneric family, the Peterman-
niaceae Hutchinson, somewhat related to the Dioscoreaceae (Conran; Dahl-

gren, Clifford, & Yeo; Tomlinson & Ayensu). However, Hutchinson (1973)
assigned this family to the Alstroemeriales, while Cronquist placed Peterman-
nia in the Smilacaceae Vent. Weprefer to associate the Petermanniaceae with

the Dioscoreales for reasons discussed by Conran.

Burkill (1960) reduced both Borderea and Epipetrum to sections ofDioscorea.

The presence in Borderea of wingless seeds, nontwining stems, unbranched leaf

veins, and a base chromosome number of 12 supports its recognition as a

distinct genus. Furthermore, in Epipetrum the lack of wings around the seeds,

the presence of well-developed stylar rudiments in the staminate flowers, and
the spiral twisting of pedicels of the carpellate flowers are sufficient grounds
for its maintenance at the generic rank.

On the basis of their perfect flowers, prominent staminal appendages, and
thin, nonfleshy rhizomes, both Avetra and Stenomeris were considered to be

anomalous in the Dioscoreaceae. Avetra was placed in the Trichopodaceae by
Hutchinson (1973), but the climbing habit, three-winged fruits, and nodal

anatomy (Ayensu, 1972) strongly support its retention in the Dioscoreaceae,

as was initially recognized by Perrier de la Bathie. Stenomeris also deviates

from the rest of the Dioscoreaceae in having linear fruits with numerous seeds.

It was placed in the Stenomeridaceae by many authors, but the overwhelming
anatomical evidence favors its placement in the Dioscoreaceae. Dahlgren, Clif-

ford, & Yeo assigned Avetra and Stenomeris to subfam. Stenomeridoideae and
suggested that they should perhaps be treated in two unigeneric subfamilies or

even in an independent family. Knuth's (1924, 1930) division of the Diosco-

reaceae into the tribes Dioscoreae and Stenomerideae Planchon may be useful

only after the exclusion of Petermannia and Trichopus from the latter tribe.

Avetra may represent a monotypic tribe. However, reorganizing the subfamihal

classification of the Dioscoreaceae is beyond the scope of this flora.

The remaining genera of the Dioscoreaceae are easily distinguished by their

fruits. Rajama has one-seeded samaras, Tamus has berries, and Dioscorea has

three-winged, few-seeded capsules like those o^ Borderea and Epipetrum. Hi-

gmbothamia Uline, a monotypic genus described from the Yucatan, was said

to differ from Dioscorea in having four instead of two seeds per locule. It is

now recognized as a section of Dioscorea with two species, one of which is

endemic to Belize (see Schubert (1966) under references for Dioscorea).

The evolutionary relationships among the genera of the Dioscoreaceae have
not been fully resolved. Because of their perfect flowers and long-appendiculate

stamens, Avetra and Stenomeris are probably basal (Burkill, 1960). The re-

maining genera of the family have imperfect flowers (the plants dioecious), and
with the exception of Dioscorea they all have a restricted distribution. Ac-

cording to B. W. Smith (see under Dioscorea), these small genera have arisen

from Dioscorea. However, this view implies that Dioscorea is paraphyletic. The
development of one-winged fruits in D. cyphocarpa Robinson ex Knuth and

D. tacanensis Lundell may suggest a closer relationship between Rajania and

Dioscorea. It is possible, however, that samaroid fruits evolved independently
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The ordinal disposition and familial relationships of the Dioscoreaceae are

controversial. A few authors (e.g., El-Gazzar & Hamza) advocated that the

family be placed in the dicotyledons near the Aristolochiaceae Juss. because

of its twining stems, petiolate, exstipulate leaves, trimerous, epigynous flowers,

anatropous ovules, loculicidal capsules, endospermous seeds, and binucleate

pollen. Furthermore, the presence in both famiUes of PllC-type sieve-tube

plastids, which is universal in the monocotyledons, may be considered as

evidence supporting this view. However, because of the presence of other

plastid types in the family, Dahlgren & Rasmussen believe that the occurrence

of these plastids in only two genera of the Aristolochiaceae is by convergence.

Similarities between the Dioscoreales and the Magnoliales were summarized

by Dahlgren & Clifford, who suggested (p. 342) that the extant forms of these

orders do not represent "missing links or relicts of the common ancestors of

the monocotyledons."

Lawton & Lawton, who studied the seedlings of five species of Dioscorea,

suggested that the first seedling leaf is homologous to a modified second cot-

yledon, whereas the first cotyledon remains in the seed as an absorbing struc-

ture. However, P. M. Smith (reference under Dioscorea) did not find any

structure comparable to a second cotyledon in the Dioscoreaceae. The slightly

lateral position of the cotyledon in the family is considered to be ancestral

among the monocotyledons, which otherwise have terminal cotyledons (Dahl-

gren, Clifford, & Yeo).

The close relationship between the Dioscoreaceae and the Smilacaceae was

pointed out as early as 1810 by Brown. Most recent authors (e.g., Cronquist;

Dahlgren, Clifibrd, & Yeo; Takhtajan) accept such a relationship. They and

Thorne also associate the Dioscoreaceae closely with the Stemonaceae Engler

(see Rogers), the Taccaceae Dumort., and the Trichopodaceae. However, these

authors have variously placed the Dioscoreaceae under the Dioscoreales, the

Liliales, or the Smilacales. The Dioscoreales (sensu Dahlgren, Clifford, & Yeo)

are somewhat homogeneous and are apparently monophyletic. On the other

hand, raising the Trilliaceae Lindley, the Taccaceae, and the Smilacaceae-

Petermanniaceae to three orders, as suggested by J. W. Walker (pers. comm.),

may be more appropriate. Evidently, the placement of the Dioscoreaceae with

14 other families in the order Liliales (Cronquist) needs further study.

The Dioscoreales have been considered to be the most central order in the

monocotyledons (Dahlgren, Clifford, & Yeo). However, since various families

of the Dioscoreales have several specialized features, particularly tetramery,

epigyny, complex nodal anatomy, and fleshy fruits, a critical evaluation of the

According to Coursey (1967; see under Dioscorea), the Dioscoreaceae likely

evolved before the end of the Cretaceous, and Dioscorea was probably wide-

spread before the separation of America from Africa. Pax listed Majanthe-

mophyllum petiolatmn O. Weber from the Miocene of Germany and Dioscorites

resurgens Saporta from the Tertiary of southern France. Daghlian suggested

that fossils described as Dioscorites Saporta from the Upper Cretaceous (Maas-

trichtian), as well as from many other Tertiary sediments, arc disputable as to
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familial and generic identity. Pollen of Rajania described from the Miocene
of Veracruz (Graham), if indeed dioscoreaceous, may well belong to Dioscorea.

The identity of the North American fossil D. cretacea Lesq. is questionable.

Pollen of the Dioscoreaceae is heterogeneous. Tamus\iZ& reticulate, 2-colpate

pollen (Clarke & Jones). In Dioscorea pollen is monocolpate in the presumably
primitive sect. Stenophora Uline and 2-colpate in four other sections (Su; see

under Dioscorea). Monosulcate, multiaperturate pollen has been found in D.

polygonoides Humb. & Bonpl. (Zavada). Avetra deviates strongly from the rest

of the Dioscoreaceae in having spinulose, 4- or 5-foraminate pollen.

Cytology of the Dioscoreaceae has not been surveyed adequately, and chro-

mosomenumbers are known for only about nine percent of the entire family.

Petermannia {x = 5) and Trichopus {x = 7), which are now placed in monotypic
families, are evidently different not only in base number but also in chromo-
some size (Ramachandran, 1 962, 1 968). Diploid counts of 2/7 = 24 in Borderea

support its separation from Dioscorea, a genus uniformly based on either nine

or ten. The closely related Rajania is apparently a polyploid based on nine,

but only R. cordata L. {2n = 36) has been studied cytologically. Polyploidy

based on x = 12 probably played an important role in the evolution of Tamus,
as is evidenced by its occurrence in the tetraploid T. communis L. {In = 48)

and the octoploid T. edulis Lowe {In = 96).

Goldblatt (1980) suggested that the base chromosome number for the Dios-

coreaceae may be seven and that such a number is found in the relict Trichopus,

as well as in the famiUes Stemonaceae and Taccaceae. As indicated above,

however, Trichopus does not belong to the Dioscoreaceae, and it is more
appropriate to assume that the base number for the family is ten. No chro-

mosomecounts are known for Avetra or Stenomeris.

The Dioscoreaceae are characterized by three anatomical peculiarities that

are unusual among the monocotyledons. First, xylem and phloem glomeruli

are present at the nodes. These represent an interlacing mass of prosenchy-

matous xylem that encloses one to many phloem glomeruli, each with inter-

lacing sieve tubes and sieve plates of various sizes (see Behnke (1 965) for further

details). Kamick (1 970; see under Dioscorea) believed that this "nodal plexus"

is the site of various chemical activities, including the biosynthesis of diverse

constituents. Second, vascular bundles of the stem are often arranged in two
circles. Those of the outer circle have a V-shaped group of metaxylem vessels

and tracheids, with two phloem units terminating the flanges and a third one
at the converging ends of the V. Bundles of the inner circle have an elliptic

arrangement of metaxylem vessels and tracheids, with one or two large phloem
units on the inner side of the innermost pair of the larger metaxylem vessels

and at least one at the outer end (Ayensu, 1972). Third, the sieve tubes are

rather large and have highly oblique, compound sieve plates and numerous
sieve areas. Because of their size, sieve elements could easily be mistaken for

The presence of these three anatomical features in Avetra and Stenomeris

supports their placement with Dioscorea, Rajania, and Tamus in the Dios-

instead of in two other famiHes (Ayensu, 1972). Furthermore, Tri-
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chopus and Petermanma have nodal and vascular-bundle anatomy quite dif-

ferent from that of the Dioscoreaceae and are therefore appropriately assigned

to monotypic families (Ayensu, 1966, 1972; Tomlinson & Ayensu).

Vessels of the Dioscoreaceae have scalariform perforations; these are present

in the roots, aerial stems, and petioles but absent in leaf blades, bulbils, rhi-

zomes, and tubers. Although most fibers of the Dioscoreaceae have tapered

ends, a large proportion have square ones (Ayensu, 1972).

Stomata of the Dioscoreaceae are anomocytic and are not associated with

morphologically differentiated subsidiary cells. Furthermore, the contiguous

epidermal cells have no distinctive arrangement (Ayensu, 1972; Stebbins &
Khush). However, Patel and others (e.g., Ekundayo; Ling et ai.\ Pumima &
Srivastava; G. L. Shah & Gopal; references under Dioscorea) have indicated

that other types of stomata may also be found. The stomata are distributed

primarily on the abaxial leaf surface, but in a few species (e.g., D. bulbifera L.)

they are present on both surfaces.

Dispersal in the Dioscoreaceae is primarily by wind. In Rajania and Dios-

corea, which produce samaras and variously winged seeds, respectively, short-

distance dispersal is usually accomplished by seeds or fruits gliding or whiriing

from carpellate plants that can climb to heights of more than 30 feet. The red

berries of Tamus are dispersed in the Mediterranean region by birds (Burkill,

1937), whereas in species of Epipetrum the capsules become buried in the

vicinity of the mother plant.

Numerous species of Dioscorea are important medicinal or food plants. They

are discussed in some detail under the generic account. The remaining genera
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Linn. Soc. 80: 91-124. 1980. [Dioscoreales, 118: Dioscoreaceae (including Steno-
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(in Russian); H. USSR4: 377-380.1968 (English translation by N. Landau). [L
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I Linnaeus, Sp. PI. 2: 1032. 1753; Gen. PL ed. 5. 456. 1754.

Twining [rarely erect] herbs [or lianas]; glabrous or with unicellular, eglan-

dular, simple [or variously branched] trichomes. Underground organs rhi-

zomes, woody corms, or usually fleshy, single or clustered, edible [or poison-

ous], smooth [or spiny] tubers with thin [or thick to corky] skin. Stems almost

always produced annually from underground structures, smooth, winged [or

armed], terete or angled, dextrorse or sinistrorse. Leaves alternate, opposite,

or whorled, petiolate, simple [or palmately compound, with 3-7 leaflets], cor-

date to nearly deltoid, undivided [or palmately lobed]; main veins 3-13, con-

verging, the lateral ones reticulate, usually horizontal; petioles usually with a

pulvinus at both ends, sometimes with a bulbil at the axil. Inflorescences

axillary, many-flowered, bracteate racemes, panicles, spikes, or cymes. Rowers

imperfect (plants dioecious or-abnormally-monoecious), actinomorphic, with

rotate [funnelform or campanulate] perianth; tepals 6, in 2 similar [or sharply

differentiated] whorls, distinct or variously connate; staminate flowers usually

grouped in cymes borne on racemes, often with stylar rudiments, the stamens

usually 6, in 2 whorls, all fertile [or the inner 3 either staminodial or absent],

the filaments free [or connate], very short [or as long as the tepals]; carpellate

flowers usually in spikes or spikelike racemes, epigynous, with 6 [3 or 0] stam-

inodia; styles 3, branched. Fruits dehiscent, 3-winged, leathery or membran-
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aceous capsules. Seeds llatlcncd [or not], reticulate or smooth, broadly [to

narrowly] winged all around [or only at 1 end, rarely wingless], 2 [or 4] per

locule. Base chromosome numbers 9, 10. (Including Androsyne Salisb.; Bo-
tryosicyos Hochst.; Elephantodon Salisb.; Hamaths Salisb.; Helmia Knuth;
Higinbothamia Uline; Hyperocarpa (Uline) Barroso, Guimaraes, & Sucre; Mer-
ione Salisb.; Nanarepenta Matuda; Polynome Salisb.; Rhizemys Raf.; Sismon-
daea Delponte; Strophis Salisb.; Testudinaria Salisb.; Ubium Cothenius.)

Lectotype:-^ D. bulbifem L.; see Green in Hitchcock & Green. (Name com-
memorating the Greek Pedanios Dioscorides (fl. ca. a.d. 40-80), naturalist,

physician, and officer in the army of Nero. His De Materia Medica. which was
published in five volumes during the period a.d. 50-70 (Riddle), was the leading

text on pharmacology for 1 6 centuries and contained medicinal properties of
more than 1000 drugs derived primarily from plants.)— Yam.

A genus of approximately 850 species, of which the majority grow in the

humid tropical and subtropical areas of the world, and only several occur in

the warmer parts of the temperate zones. Small's estimation of 160 species for

Dioscorea is well below the mark. As was suggested by B. W. Smith, nearly 50
percent of the species of Dioscorea are found in South America. There are

approximately 1 30 species in Brazil, 1 20 in Central America and Mexico, 1 60
in Africa, and 250 in Asia (authors' compilation). The genus is poorly repre-

sented in Europe and adjacent Asia (three species), Australia (four), and the

United States and Canada (three). Three of the six species growing in the

southeastern United States are naturalized weeds of Asiatic origin.

The sectional classification o^ Dioscorea is controversial. About 75 sections,

including 60 in Knuth (1924), have been recognized by various authors. Knuth



AL-SHEHBAZ& SCHUBERT,DIOSCOREACEAE 69

larrow sectional concept, particularly with

rkill (1960) assigned the Old World species

to 23 sections (including Borderea) and placed particular emphasis in his keys

on aspects of the underground parts. On the other hand, Knuth (1924, 1930,

family references) divided Dioscorea into four subgenera based on the position

of the seed wing, relying heavily on characters of the staminate flowers and

fruits in his sectional divisions of subgenera. Someof the sectional realignment

proposed by Ayensu (1972) on the basis of anatomy should be taken into

consideration. In our opinion, the number of New World sections accepted

by Knuth (1924) should be reduced. However, it is beyond the scope of this

Burkill (1960) and Prain & Burkill (1939) suggested that Dioscorea evolved

during the Cretaceous in what are now the temperate areas of the Far East,

where the presumably primitive sect. Stenophora Uline is primarily distrib-

uted, and that the genus later migrated to the tropics. Burkill (1960) believed

that the formation of the Atlantic rift was responsible for the separation of the

range of Dioscorea into two portions, each of which evolved independently

because no sections or species are now common to the New and Old worlds.

Section Stenophora is considered primitive on the basis of having primarily

diploid taxa, monocolpate pollen, and rhizomatous underground organs (Bur-

kill, 1960; Pei era/.).

The assignment of the eastern North American species of Dioscorea to sect.

Stenophora by Burkill (1960), Coursey (1967), and Prain & Burkill (1936) is

unacceptable because seeds of these species are broadly winged all around,

while those of sect. Stenophora are winged above (distally). Wefollow Uline

(1897) and Knuth (1924) in placing these species in sect. Macropoda Uline

but disagree with the latter author on the sectional limits. Uline admitted only

three species in this section: D. villosa and two unnamed ones that were said

to grow in the Caucasus and the Himalayas. Therefore, D. villosa has to be

considered as the sectional type. Coursey (1967) has suggested that the eastern

North American taxa evolved from ancestors that migrated from eastern Asia

across the Bering Strait land bridge. However, there is no evidence at present

that supports this speculation.

Section Macropoda Uline (stems sinistrorse; staminate flowers grouped in

verticillate to subcapitate cymes borne on racemes; fertile stamens 6, inserted

at base of perianth, the filaments short; capsules large, obovate) is represented

in the United States and Canada by three species that also grow in the Southeast.

Dioscorea quaternata J. F. Gmelin {D. villosa L. subsp. quarternaia (J. F.

Gmelin) Knuth, D. paniculata Michx., D. villosa subsp. paniculata (Michx.)

Knuth, D. paniculata var. glabrifolia Bartlett, D. villosa subsp. paniculata var.

glabrifolia (Bartlett) Knuth, D. villosa var. glabrifolia (Bartlett) Blake, D. villosa

f glabrifolia (Bartlett) Fern., D. glauca Muhl., D. villosa subsp. glauca (Muhl.)

Knuth, D. quaternata var. glauca (Muhl.) Fern., D. villosa var. glabra C. G.

Lloyd, D. Lloydiana Krause), 2« = 36, 54, 60, is the most variable and widely

distributed of the North American species. It is distributed primarily east of

the 95th meridian and between 27 and 45° north latitude. It does not grow in

NewEngland and is very rare in NewJersey, NewYork, Wisconsin, Minnesota,
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Iowa, Kansas, Oklahoma, and Texas, but is quite common in the remaining

states that fall within its geographic range. It is sporadic in southern Ontario,

Canada. Dioscorea quaternata grows in moist, rich or rocky woods and thickets,

on limestone or talus slopes, in creek bottoms, and along roadsides, railroad

tracks, and borders of swamps, ponds, and marshes.

Dioscorea villosa L. (D. hirticaulis Bartlett, D. villosa subsp. hirticaulis (Bart-

lett) Knulh, D. villosa var. hirticaulis (Bartlett) Ahles) is distributed from south-

western Massachusetts (Bristol County), Rhode Island (Washington County),

and western Connecticut (Fairfield, Hartford, Middlesex, NewHaven, and New
London counties) southward along the Coastal Plain of all states to northern

Florida. Wehave not seen any material from Delaware, and the records from

NewYork and NewJersey are based on old collections. Furthermore, D. villosa

is disjunct and probably introduced to Kentucky; it is first recorded here {Beck-

ett 651, gh; Clark County). The species is common in Virginia and the Car-

olinas, where it grows in bogs, peaty depressions, and swamps. Linnaeus (Sp.

PI. 2: 1033. 1753) stated that it occurs in Florida, but this has not previously

been confirmed. Weare recording D. villosa from Alachua (Arnold s.n., 1931;

FLAs), Jackson {Godfrey 76493; fsu), and Leon {Lazor 922; fsu) counties,

Dioscorea villosa is easily recognized by its narrowly winged, polygonal (8-

to 14-angled) stems (Figure Im), alternate lower leaves, and densely grouped

glomerules on short (usually 2-4 cm) staminate inflorescences. The closely

related D. quaternata has terete, wingless stems, whorled lower leaves (three

to nine per node), and lax, longer inflorescences. Field notes on the phyUotaxy

of lower nodes are useful for separating the two species. Dioscorea quaternata

is the earliest published binomial for the North American dioscoreas with

whorled lower leaves.

The identities of Dioscorea hirticaulis, D. quaternata, and D. villosa have

been confused. A few authors (e.g., Ahles, 1968; Gleason; MacRoberts; E. B.

Smith) suggested that the first and/or second be reduced to synonymy of the

last. As shown above, however, D. quaternata and D. villosa are very distinct

and should therefore be maintained at the specific rank.

Dioscorea villosa was typified by Blake on Clayton 94 (bm) from Virginia.

Charles E. Jarvis (pers. comm.) has indicated that there are two Clayton sheets

in the British Museum (photos, a!), one bearing staminate material and the

other a carpellate plant. The staminate material, annotated as Clayton 94 and
with a handwritten note by Gronovius that male and female flowers are borne

on separate plants, is the type. It has narrowly winged, 8- to 14-angled, very

sparsely pubescent stems and alternate lower leaves. Previously these features

have been attributed to D. hirticaulis. Therefore, what has been called D.

hirticaulis by all North American authors is in fact D. villosa. Accordingly, the

range of D. villosa becomes restricted to only the coastal states above, and all

records from the other states should belong to D. quaternata. Evidently, Deam's
record of D. villosa (as D. hirticaulis) from six counties in Indiana belongs to

Both Dioscorea villosa and D. quaternata are highly variable in stem and
leaf pubescence. Forms with densely pubescent to completely glabrous leaves

that are either glaucous or nonglaucous occur in populations of both species.
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Bartlett's recognition of four species in this complex was based primarily on

differences in the branching of rhizomes and in pubescence, color (green vs.

glaucous), and number of leaves per node. These alleged distinctions are far

from being realistic. In fact, characters of rhizome branching, thickness, and

surface configuration can be modified by soil texture, habitat, and environment.

Furthermore, petiole length, leaf pubescence and glaucescence, and fruit length

Dioscorea Jloridana Bartlett {D. villosa suhsp.floridana (Bartlett) Kjiuth, D.

villosa var. floridana (Bartlett) Ahles) is the most distinctive of the North

American species. It is readily distinguished by its two or three staminate

inflorescences in the axils of upper leaves, longer (ca. 0.4 mm), inwardly curved

filaments, connate anther lobes (see Figure In, o), and oblong tepals. Both D.

quaternata and D. villosa have single staminate inflorescences in the axils of

upper leaves, shorter (ca. 0.2 mm), straight filaments, separated, didymous

anther lobes (see Figure le), and ovate tepals. Differences in the anthers of

these species were first observed by Bartlett (see p. 18), but they have been

overlooked by subsequent workers.

Dioscorea floridana grows in moist thickets and swamps, as well as in moist

to dry woods and hammocks in South Carolina (Berkeley, Charleston, Dor-

chester, Orangeburg, and Williamsburg counties), Georgia (Baker, Chatham,

Clarke, Dougherty, Jenkins, Lowndes, Sumter, and Tattnall counties), and

Florida (Alachua, Calhoun, Columbia, Duval, Hernando, Hillsborough, Jack-

son, Levy, and Santa Rosa counties). It has been mapped from Bamberg and

Beaufort counties, South Carolina (Ahles, 1968), but we have not seen any

material from either.

No chromosome counts are available for either Dioscorea floridana or D.

villosa. The few counts for D. quaternata are inconsistent, and more studies

are needed before any meaningful conclusions can be reached.

Dioscorea bulbifera L. {Helmia bulbifera (L.) Kunth; see Coursey (1967) for

ten additional synonyms), aerial or potato yam. In = 36?, 40, 54?, 60, 70, 80,

100, is the only edible yam believed to be native to both Asia and Africa (Prain

& Burkill, 1936). Introduced to the NewWorld during the slave trade, it is a

widespread weed in Florida, where it grows in disturbed woods and thickets

(Wunderlin), but is uncommon in Mississippi. Edible and poisonous forms are

known, but the Florida populations produce bulbils that remain inedible and

nauseating even after repeated washing and boiHng (Ward). Prain & Burkill

(1934) recognized ten varieties primarily on the basis of the shape and taste

of both bubils and tubers. It is doubtful, however, that these entities are sig-

nificant taxonomically. Tubers of D. bulbifera, if produced, are very small,

bitter, and usually hard. The bulbils, on the other hand, may weigh up to 2

kg. The species is easily distinguished from the other introduced dioscoreas

that grow in the Southeastern States by its sinistrorse, terete, wingless stems;

large, alternate, broadly cordate, acuminate leaves with rounded lobes; large,

smooth, subspherical bulbils; and auriculate petiolar bases.

The sectional disposition of Dioscorea bulbifera is problematic. If the species

is accepted as the lectotype of the genus, as is done here, it should be assigned

to sect. Dioscorea. Accordingly, sect. Opsophyton Uline, to which D. bulbifera

is assigned by nearly all students of the Dioscoreaceae, should be reduced to
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Figure 1 . Dioscorea. a-l, D. c

th fruits, X 1/2; c, flowers and buds from

mabove, x 6; e, abaxial view of anther, x

f carpellate inflorescence with buds and 1
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a synonym of sect. Dioscorea. Knuth (1924) recognized 26 species and three

subsections in sect. Opsophyton and placed D. bulbifem in subsect. Euopso-

phyton, which also included three other species believed to be of hybrid origin.

Prain & Burkill (1936), on the other hand, defined the section to include only

D. bulbifera and its putative hybrids with three members of sect.

Enantiophyllum Uline.

The two remaining species of Dioscorea that are naturalized in the South-

eastern States are D. data L., white yam, greater yam, 2n = 20, 30, 40, 50,

60, 70, 80, and D. oppositifolia L. {D. batatas Dene.; D. opposita Thunb., see

Taxon 24: 173. 1975), Chinese yam, cinnamon vine, 2n = 138, 140, 142, 144.

They belong to sect. Enantiophyllum Uline (tubers nonpoisonous, stems dex-

trorse, leaves alternate or opposite, filaments as long as the anthers, seeds

winged all around). This section, the largest in Dioscorea, includes about 120

species restricted to Africa and Asia, none of which is common to both con-

tinents (Prain & Burkill, 1939).

Dioscorea alata, a native of southeastern Asia not known to grow in the wild

state (Coursey, 1967), is the most widely cultivated edible species in the genus.

It has escaped from cultivation in several counties in Florida (Ward; Wunderlin)

but is not naturalized in the other Southeastern States. Dioscorea alata is highly

variable, and many cultivars with different ploidy levels are grown. It resembles

D. bulbifera in the production of bulbils and in having auriculate petiolar bases

but differs in having dextrorse, quadrangular, broadly winged stems.

Dioscorea oppositifolia, which is naturalized in North and South Carolina,

Georgia, Tennessee, Alabama, and Arkansas, is native to China and is widely

cultivated in eastern Asia for its edible tubers. It is grown in the United States

primarily as an ornamental (Bailey et al.) and has escaped from cultivation in

many parts of the country. It is a weed of thickets, alluvial woods, waste places,

flood plains, roadsides, limestone outcrops, slopes, and fence rows. According

to Purseglove, D. oppositifolia (as D. opposita) was cultivated experimentally

in Europe during the mid-nineteenth century as a substitute for potatoes {Sola-

rium tuberosum L.) that were threatened by blight. Dioscorea oppositifolia is

most likely a 14-ploid based on ten, and the aneuploid counts above are

probably approximations of 2n = 140. It is readily distinguished from the other

bulbil-producing species by its terete, dextrorse, wingless stems,

petiolar bases, and somewhat hastate, usually opposite leaves.

Hooker's statement (p. 288) that

indescribable confusion" may be justified because of the inadequacy of material

for many tropical species. It is often difficult, if not impossible, to identify

specimens that lack well-developed staminate flowers or mature fruits. Because

of dioecism, there are many cases in which the carpeUate and staminate plants

of a given species were described as two species assigned to different sections.

); h, carpellate flower from above, showing 3 styles and 6 staminodia,

lofovary of carpellate flower, x 10; j, ovule, x 25; k, mature capsule,

I, X 2. m, D. villosa, stem, x 6. n, o, D.floridana: n, staminate flower

—note stylar rudiments and 6 inwardly curved filaments; o, abaxial
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A case in point is D. hondwensis Knuth: carpellate material was described in

sect. Triangulares Knuth, while staminate material of the same species was
described as D. tabascana Matuda in sect. Macrogynodium Uline. According
to Schubert (1966), D. hondurensis probably belongs to the South American
sect. Sarcantha Uline.

The reproductive biology of Dioscorea has been poorly studied. Although
all species are dioecious, monoecism is known in at least 17 species (Burkill,

1 960; Hawley). It is not known, however, if the carpellate flowers of monoecious
plants are fertile. The flowers of Dioscorea are generally small, and their di-

ameter in the great majority of species is 2-4 mm. The smallest flowers (ca. 1

mmwide) are found in the Madagascan D. nako Perr. (Burkill, 1960), while
the largest (tepals more than 3 cm long) belong to the Mexican D. insignis

Morton & Schubert (see Schubert & Morton).

Because of their reduced size and dull colors (usually dirty white, creamy,
greenish, or brownish), the flowers of Dioscorea were believed to be wind
pollinated. However, this is highly unlikely because the pollen is glutinous.

Furthermore, Courscy (1967) suggested that the flowers are sweetly scented
and are likely to be pollinated by night-flying insects. Sadik & Okereke observed
thrips of the genus Larothrips carrying pollen from the staminate to the car-

pellate flowers of Z). rotundata Poiret. The flowers of jD. composita Hemsley
and D. Jloribunda Martens & Gal. are said to be inefficiently wind pollinated

in Puerto Rico (Martin, Cabanillas, & Ortiz).

Chromosome numbers have been reported for about 90 species (ca. 9.5

percent) of Dioscorea. Apparently all of the Old World species are either dip-

loids or polyploids based on ten, while most of the New World ones are

polyploids based on nine (Martin & Ortiz, 1963a). However, only about three

and 1 7 percent, respectively, of the New and Old World species have been
surveyed, and more counts are needed to confirm these cytological observa-

Aneuploidy has been well documented in Dioscorea alata, D. bulbifera, D.

cayenensis Lam., D. dumetorum (Kunth) Pax, and D. oppositifoUa. All of these

species are among the principal food yams, and it is not unusual to encounter
variations in chromosome numbers of crop plants that have been propagated
vegetalively for hundreds or perhaps thousands of generations. A continuous
ploidy series (2-8x) is known in D. alata (Bolkhovskikh et al.), and higher

ploidy counts (10-14x) based on ten are known in at least 12 species. The
lowest chromosome number {2n = 20) in the genus characterizes most species

of sect. Stenophora, the most primitive group in Dioscorea (Chin et al.; Pei

et al.), while the highest (2/7 = 140) has been reported for D. cayenensis, D.

oppositifoUa, and D. pentaphylla L. Onwueme's conclusion (p. 3) that "the
highest chromosome numbers and the smallest chromosome sizes occur in the

more tropical Dioscorea spp., while the smallest numbers and largest sizes

occur in the more temperate species" needs further study. It is evident, however,
that polyploidy has played a major role in the evolution of Dioscorea (Ra-
machandran, 1962).

Except for a few aberrant cases, species of Dioscorea are always dioecious,

and within a given population staminate plants usually outnumber the car-
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pellate ones by three to five times. The mechanism of sex determination in

Dioscorea is controversial. Nakajima, Ramachandran (1962), and B. W. Smith

have all suggested that the staminate plant is heterogametic and that the "male-

determining" genes are borne on the Y chromosome. On the other hand, Bhat

& Bindroo concluded that in D. deltoidea Wall, staminate plants have homo-

morphic chromosomes and carpellate ones have heteromorphic. Furthermore,

Jensen could not find any evidence of sex chromosomes in D. quaternata, and

Martin & Ortiz (1963a) and V. R. Rao & Murty reached similar conclusions

for four Central American species. The presence of an extra chromosome in

D. alata and D. brachybotrya Poeppig (as D. reticulata C. Gay) was considered

to be responsible for "male" expression in an XOsex-determining mechanism

(B. W. Smith).

Because of their high numbers and small sizes, the chromosomes of Dioscorea

are very difficult to distinguish morphologically. As suggested by Martin (1966),

however, the cytological evidence supports the staminate plant as heteroga-

metic, and therefore an XO sex-determining mechanism is highly unlikely. It

is possible that the staminate plants are produced by different mechanisms.

Sex ratios of progeny from a carpellate parent vary according to the staminate

plant, and such ratios are constant among the progeny of a staminate parent.

On the basis of these facts, Martin (1966) concluded that in tetraploid taxa the

staminate plants have XXYYor XXXYgenotypes.

Natural interspecific hybridization is very rare in Dioscorea. The origin oi

one such hybrid (D. composita x D. floribunda) has been supported by chei

ical, cytological, and morphological data (Martin & Cabanillas, 1 963). Artificial

crosses among some of the New World species {D. composita, D. floribunda,

D. Friedrichsthalii Knuth, and D. spicuUflora Hemsley) are successful in all

possible combinations (Martin & Cabanillas, 1966; V. R. Rao et al.\ V. R. Rao

& Murty). The reduction of hybrid fertility is caused by some meiotic abnor-

malities (univalent and multivalent formations), high percentage of abnorm;

pollen, low crossability of hybrids, and poor seed set. Crosses between the Old

and New World species, as well as between D. alata and D. deltoidea, have

been unsuccessful (V. R. Rao et ai).

Alkaloid production in the tubers is apparently restricted to some of the Old

World species of Dioscorea that belong to sects. Lasiophyton Uline, Par-

AMECOCARPAPraiu & Burkill, and Testudinaria (Salisb.) Prain & Burkill. The

principal compounds are dioscorine and its stereo isomer dihydrodioscorine.

These highly toxic alkaloids cause general paralysis of the central nervous

system. The African D. Dregeana (Kunth) Durand & Schinz and D. dumetorum

and the Asiatic D. hispida Dennst., which are rich in alkaloids, are used locally

to poison animals (see below). No attempts have been made to determine the

chemotaxonomic significance of these compounds in the genus.

A few Asiatic species accumulate in their tubers relatively high concentrations

of tannins that are economically important. Dioscorea cirrhosa Lour. (= D.

rhipogonoides OHver) contains between six and 13 percent tannins per dry

weight and is widely used in Taiwan and Indochina for tanning leather and

for fishing cordage and nets (Burkill, 1966).

More than 20 steroidal sapogenins have been isolated from some 70 species
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of Dioscorea. Diosgenin is found in all Ihc saponin-containing species. Its

content in the tropical dioscoreas is generally much higher than in those of
other regions (Takeda). The distribution of sapogenins in Dioscorea supports

certain sectional groupings and is therefore of some chemotaxonomic value

(Akahori, 1965a; Kadkade et aL\ Takeda). For example, sect. Enantiophyllum,
which contains the most important food crops of the genus, lacks the steroidal

sapogenins. These compounds are also lacking in a few sections that produce
bulbils and have sinistrorsc stems. On the other hand, sections with alternate

leaves, sinistrorse stems, and no bulbils are often rich in sapogenins. Takeda
concluded that the chemical data tend to support Prain & Burkill's ( 1 936, 1 939)
sectional classification of the eastern Asiatic Dioscorea. However, the chemistry
of the genus is far from being adequately studied, and the great majority of the

New World sections have not been surveyed.

Using polyacrylamide-gel electrophoresis of tuber proteins, Ikediobi & Ig-

boanusi have found significant differences in the locations and intensities of
certain bands in five species. They were also able to distinguish among nine

cultivars of Dioscorea rotiindata. Several authors (e.g.. Rasper & Coursey)
observed that differences in the viscosity, size, and shape of the tuber starch

grains are useful in separating several edible species of Dioscorea. Only a few
species, however, have been surveyed for tuber proteins and starch grains.

Ayensu (1972, 1973) observed that stems of the Old World species have two
distinct phloem units below the innermost pair of metaxylem vessels, whereas
those of the NewWorld species have only one. This anatomical differentiation

between the two groups of Dioscorea, however, requires further study to assess

its phylogenetic value.

On the basis of stem anatomy, Ayensu (1972) concluded that the anatomical
data are very useful taxonomically at the intersectional level but have little

value within sections. He proposed several alterations to the sectional classi-

fication of Knuth ( 1 924), including the reduction of many sections to synonymy
and the elevation of a few subsections to sectional rank. In general, stem
anatomy supports the sectional subdivision of the genus as accepted by Prain

& Burkill (1936, 1939) and Matuda (1953b) but not by Knuth (1924).

Extrafloral nectaries of certain species (e.g., Dioscorea rotundata) are embed-
ded in the leaf blade and open on the lower leaf surface. Each gland consists

of small cells with dense cytoplasmic contents and is surrounded by a layer of
cells with apparently little or no cytoplasm. The secretions of these nectaries

contain fructose, glucose, and sucrose, as well as ninhydrin and traces of gal-

actose (Grout & Williams). Leaf glands of the West African D. macroura Harms
form enlarged pockets within the mesophyll and are connected to the upper
leaf surface by slits or ducts. The pockets are lined with multicellular glandular

"trichomes" that secrete mucopolysaccharide, on which nitrogen-fixing bac-

teria grow (Orr). As shown by Behnke, however, these bacteria are parasitic,

and in response to their presence the plant produces an abundance of simple
trichomes that fill the pockets and cause the bacteria to disintegrate.

In the African Dioscorea praehensilis Bentham and the Asiatic D. esculenta

(Lour.) Burkill and D. piscatorum Prain & Burkill, roots produced on the tuber
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surface are modified into thorns or spines. Such modified roots apparently

evolved independently several times within the genus.

Tubers of Dioscorea originate primarily from the seedling hypocotyl follow-

ing the initiation of a cambial zone around the vascular tissue. The intensive

activity of the cambium produces the storage parenchyma. These tubers differ

from stem tubers of other genera in lacking both scale leaves, buds, or eyes

that identify nodal positions and a terminal bud that marks the growing point

of the tuber. Furthermore, most tubers of Dioscorea exhibit positive geotro-

pism.

The corky outer portion of the tuber is derived from successive cork cambia

each originating beneath another. The ground tissue, which is derived from

the vascular cambium, forms the bulk of the tuber and consists of thick- walled

parenchyma densely packed with starch grains. The vascular bundles are col-

lateral and have xylem comprising tracheids and parenchyma but no vessels.

Some species of Dioscorea develop enormous tubers: up to 365 kg in D.

elephant ipes (L'Her.) Engler (Purseglove) and up to 1 10 kg and 3.5 m long in

D. alata (Haynes & Coursey).

Species of Dioscorea can be propagated by tubers, bulbils, vine cuttings,

tissue cultures, or seeds. A leaf cutting with the complete pulvinus dipped in

"hormone powder" is capable of producing new plants (Blunden, Hardman,
& Trease). Bulbil production, which is reduced by the increase of day length

(Allard), promotes dispersal, particularly in habitats that are subjected to floods

or rain washes. Because of their occurrence in many species of unrelated sec-

tions, bulbils probably evolved independently a few times within Dioscorea.

Murty & Purnima, who studied 1 1 species, suggested that bulbils develop as

composite structures from the diffused growth of accessory buds that arise on
the abaxial side of the axillary bud. Ayensu (1972) and Burkill (1960) define

the bulbil as a modified branch of the aerial stem. They stated that it resembles

the tuber anatomically.

Little is known about the ecology of Dioscorea. Although the majority of

species are tropical, many rhizomatous taxa grow in temperate areas. In general,

most species require more than 1 mof annual rainfall and temperatures higher

than 25°C (Purseglove). The effect of photoperiodism has not been studied

adequately. According to Purseglove, long days apparently favor the devel-

opment of aerial parts, whereas short days promote the growth of tubers.

Food crops of the genus Dioscorea, which are known as yams in most parts

of the world but are often confused with the sweet potatoes (Ipomoea Batatas

(L.) Lam., Convolvulaceae) in the United States, provide the staple foodstuff

for millions of people in many subtropical and tropical countries, particularly

in West Africa (Coursey, 1967). The dietary position of yams in the tropics,

however, has declined substantially due to socioeconomic reasons, introduction

of better crops, and higher costs and greater labor needed for the cultivation

and preparation of yams for food. The so-called "yam zone," which extends

from the Cameroun Mountains west into central Ivory Coast, is the area where

most of the world's yams are grown. In fact, Nigeria alone produces nearly

half of the world's crop (Ayensu & Coursey; Coursey, 1967). Yams are eaten
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baked, boiled, fried, mashed, pounded, or roasted. They are also used lo prepare

chips, flakes, and flour.

Although about 50 species oi Dioscorea are collected from the wild or cul-

tivated as food crops, only ten are considered to be of major importance. These

are associated with three independent centers of domestication. In southern

China and southeastern Asia D. alata, D. bulbifera, D. esculenta, D. japonica

Thunb., D. oppositifolia, and D. pentaphylla were first domesticated, while in

the Caribbean region D. trifida L. and in the West African forest belt D. cay-

enensis, D. dumetorum, and D. rotundata were first brought into cultivation.

It has been suggested that the domestication of Dioscorea probably took place

ca. 10,000 B.p. in Asia and ca. 1 1,000 b.p. in Africa (Coursey, 1976a).

The West African Dioscorea cayenensis and D. rotundata were described

from plants cultivated in Jamaica and French Guiana, respectively. Both species

were introduced to the NewWorld during the slave trade (Ayensu & Coursey).

There is some controversy whether D. rotundata, the most important African

yam that is not known to grow in the wild, is a distinct species or a subspecies

of the earlier-published D. cayenensis. It has been suggested that D. rotundata

probably evolved from hybridization between D. cayenensis and D. praehen-

silis, although the second parent may have been either D. abyssinica Hochst.

or D. togoensis Knuth (Akoroda & Chheda; Coursey, 1976a).

The medicinal value of various species of Dioscorea has increased dramat-

ically following Marker's (see Tyler et al. ) pioneering research on the conversion

of diosgenin to precursors of steroidal drugs. These drugs include the sex hor-

mones androgen, estrogen, and progestogen, as well as oral contraceptives and

anti-inflammatory compounds such as the systemic corticosteroids and topical

hormones. Diosgenin is commercially extracted mainly from the tubers of the

Mexican D. composila. D. fJoribunda, and D. spiculijlora, the South African D.

sylvatica Eklon, and the Himalayan D. deltoidea and D. Prazeri Prain & Burkill.

Sapogenin content in the tubers of the Mexican species above can be as high

as 10-15 percent of the dry weight. Although the use of Dioscorea tubers in

traditional medicine is likely based on superstition and magic rather than on

actual physiological effects, some of the sapogenins and other steroidal com-

ponents may have certain medicinal properties. In fact, preparations from the

tubers of various species have been prescribed to cure colic, dysentery, ulcers,

syphilis, sore throat, swellings, pulmonary complaints, diarrhea, hemorrhoids,

boils, tumors, corns, diabetes, cuts, superficial lesions, and hysteria (Hartwell;

Karnick, 1969; Perry; Sastri; Watt & Breyer-Brandwijk).

Tubers of numerous species of Dioscorea are highly toxic. The poisonous

substances are alkaloids, sapogenins, or tannins. Because of their hemolytic

properties, sapogenins are highly toxic if introduced into the bloodstream.

Therefore, the tubers have been widely used as a source of poison for fishing,

hunting, or criminal purposes. Fish poisons are obtained from D. deltoidea in

India, D. hispida in Java, D. piscatorum in Malaya, D. Poilanei Prain & Burkill

in Vietnam, D. Prazeri in Sikkim, D. sansibarensis Pax in tropical East Africa,

D. tokoro Makino in China, D. composita in Mexico, and D. bulbifera, D.

Dregeana, and D. rupicota Kunth in various parts of Africa. The placement of
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grated tubers into a stream can stupefy fish at a considerable distance. Arrow
or dart poisons are prepared in Malaysia and Sikkim by mixing the juice of

Antiaria toxicaria Lesch (Moraceae Link) with that of the tubers of D. hispida,

and in Africa by using the tuber extracts of D. dumetorum or D. sansibarensis

with extracts of Strophanthus DC. (Apocynaceae Juss.). These poisons are

employed to kill tigers and monkeys. In India tigers are hunted by placing

pounded tubers of Z). hispida in carcasses (Kamick, 1969).

Because of their high saponin content, tubers of various species, particularly

Dioscorea deltoidea and D. Prazeri, are used in Burma, southwestern China
(Yunnan), and northern India as soap for washing hair, silk, or wool. Decoctions

of the tubers are also used in these countries to kill lice in human hair and
clothing. In Malaysia tubers of D. piscatorum are used in the preparation of

an insecticidal powder and are employed to destroy rice parasites (Coursey,

1 967), while in Tanzania the tubers of D. dumetorum are used as a remedy for

schistosomiasis (Watt & Breyer-Brandwijk). A paste prepared from the bulbils

of Z). bulbifera is said to cure scorpion stings and snake bites (Kamick, 1969).

Bulbils of the last species are also used as a fish bait in Kashmir (Sastri).

Other minor uses of Dioscorea include extracting starch from D. alata, dis-

tilling alcohol from certain species (Sastri), brewing beer from D. dumetorum
(Corkill; Irvine), substituting D. polygonoides Humb. & Bonpl. (as D. lutea G.

F. W. Meyer) for coffee (Uphof), tanning leather and making fishing nets (see

above), dyeing clothes and cotton threads with tubers of C. cirrhosa (Kamick,

1969; Uphof), coloring ice cream with phenolic pigments extracted from D.

alata (Ingram & Greenwood-Barton), feeding livestock (Bailey et ai), and
utilizing stems as cordage (Burkill, 1966). A drink prepared by the Meskwakis
from the rhizomes of D. villosa is said to relieve the pain of childbirth (Lewis

& Elvin-Lewis). The juice of a certain Dioscorea is used in Tanganyika for

tattooing (Watt & Breyer-Brandwijk).

Several species of Dioscorea are grown as outdoor twining ornamentals, and
forms ofD. alata and D. oppositifolia with variegated fohage or colored younger

parts are highly desirable (Hawley). Dioscorea elephantipes, elephant's foot, is

occasionally grown in Europe and North America as an indoor plant for its

large, curious, above-ground tubers with corky bark.

Yams have played a central role in the social and religious life of people in

the tropics, particularly in West Africa. Cultural, social, magic, and religious

practices associated with almost every aspect of yam planting, harvest, and
storage are especially evident in Nigeria and neighboring countries (Ayensu &
Coursey; Coursey, 1967, 1972; Purseglove). The cultivation of Dioscorea pen-

taphylla has been intimately associated with priesthood and has therefore been

considered sacred in various parts of Malaysia and Indonesia (Coursey, 1967).

The poisonous properties of many species form the basis of several magical

beliefs in West Africa. Many of the highly toxic species (e.g., D. dumetorum
and D. hispida) are used during famine for food. The tubers are peeled, sliced,

boiled, pounded, and placed in running water for a few days to remove the

toxins before they are consumed (Irvine; Kamick, 1 969). Different tribes, how-
ever, follow different procedures to detoxify the tubers.
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reader should consult Lawani & Odubanjo and the indexes of the Bibliography of Ag-

riculture for additional leads. The references listed below were selected from a file con-

taining more than 3500 entries.

All the family references contain pertinent data on Dioscorea except the following that

deal with other genera of the Dioscoreaceae: Ayensu (1966, 1968); Burkill(1937, 1939,

1944, 1946); Clarke & Jones; Conran; Graham; Kale & Pai; Muller; Perrier de

LA Bathie; Rao; Reiche; Rogers; Schlittler; Tan; and Tomlinson & Ayensu. Family

references cited in the text oi Dioscorea are: Ayensu (1972); Bolkhovskikh et al.\

Burkill ( 1 960); Hartwell; Hooker; Knuth ( 1 924, 1 930); and Ramachandran ( 1 962).

Abraham, K., S. G. Nair, M. T. Sreekumari, & M. Unnikrishnan. Seed set and

seedling variation in greater yam {Dioscorea alata L.). Euphytica 35: 337-343. 1986.

Abrol, B. K., L. O. Kapoor, & I. C. Chopra. Pharmacognostic study of the rhizome

0^ Dioscorea deltoidea Wall. PI. Med. 10: 335-340. 1962. [Anatomy.]

Ahles, H. E. Newcombinations for some vascular plants of southeastern United States.

Jour. Elisha Mitchell Sci. Soc. 80: 172, 173. 1964. [D. floridana and D. hirticaulis

reduced to varieties of D. villosa.]

. Dioscoreaceae. Pp. 317, 318 in A. E. Radford, H. E. Ahles, & C. R. Bell,

Manual of the vascular flora of the Carolinas. Chapel Hill, North Carolina. 1968.

[D. opposilifolia (as D. batatas), D. villosa; D. floridana and D. hirticaulis recognized

as varieties of Z). villosa; maps, figure.]

Akahori, a. Studies on the steroidal components of domestic plants— XLIV. Steroidal

sapogenins contained in Japanese Dioscorea sp. Phytochemistry 4: 97-106. 1965a.

[Survey of 1 2 species; correlation between sapogenin contents and taxonomic group-

ing; key to the species of Japan.]

. Morphological and paper chromatographical differences between D[ioscorea]

tokoro and D. tenuipes. (In Japanese.) Acta Phytotax. Geobot. 21: 149-152. 1965b.

Akoroda, M. O. Floral biology in relation to hand pollination of white yam. Euphytica

32: 831-838. 1983. [D. rotundata\ low fruit set caused by inefficient pollination; sex

& H. R. Chheda. Agro-botanical and species relationships of Guinea yams. Trop.

Agr. Trinidad 60: 242-248. 1 983. [D. cavenensis and D. rotundata as distinct species;

see Martin & Rhodes, 1978.]

Albans, J. W. Diosgenin and the new synthesis of cortisone. Discovery 17: 122, 123.

1956.*

Alexander, J. The domestication of yams: a multi-disciplinary approach. Pp. 229-234

in D. Brothwell & E. Higgins, eds., Science in archaeology. Revised ed. NewYork

and Washington. 1969.

& D. G. CouRSEY. The origins of yam cultivation. Pp. 405-425 //; P. J. Ucko
& G. W. DiMBLEBY, eds.. The domestication and exploitation of plants and animals.

Chicago. 1969. [Centers of cultivation, cultivated species, archaeology.]

Allard, H. a. Some behaviors of the yams {Dioscorea) of the family Dioscoreaceae.

Castanea 10: 8-13. 1945. [Habit, twining of stem, effects of day length on the

production of bulbils.]

Al-Rais, a. H.. a. Myers, & L. Watson. The isolation and properties of oxalate crystals

from plants. Ann. Bot. II. 35: 1213-1218. p/. 1971. [D. alata.]

Anderson, W. A. Notes on the flora of Tennessee: Dioscorea. Rhodora 36: 344-346.

1934. [D. quaternata, D. villosa.]

Archibald, E. E. A. The genus Dioscorea in the Cape Province west of East London.

Jour. S. Afr. Bot. 33: 1-46. 1967. [Eight species; a new section {Perennia)- mor-

phology, distribution, key, illustrations.]
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cuensis.]

. Dos nomina nova para especies americanas de Dioscorea. Phytologia 55: 296.

1984. [D. Ravenii, D. Schubertii.]

Ayensu, E. S. Analysis of complex vascularity in stems of Dioscorea composita. Jour.

Arnold Arb. 51: 228-240. 1970. [Comparison with the palm Rhapis.]

. Comments on Old and NewWorld dioscoreas of commercial importance. Publ.

Espec. Inst. Nac. Invest. Forest. Mexico 8: 75-81. 1973. [Anatomical differences

between the Old and New World species.]

& D. G. CouRSEY. Guinea yams. The botany, ethnobotany, use and possible

future of yams in West Africa. Econ. Bot. 26: 301-318. 1972. [A review; cultivation,

origin of the major yams, food values, prospects; emphasis on D. cayenensis and D.

rotundata.]

Bailey, L. H., E. Z. Bailey, & Bailey Hortorium Staff. Hortus third, xiv + 1290 pp.

NewYork and London. 1976. [Dioscorea, 387, 388; yam, 1178.]

Baker, E. A., J. T. Martin, & A. P. Wilson. The distribution of diosgenin in Dioscorea

spp. Ann. Appl. Biol. 58: 203-21 1. ;?/. 1966. [D. deltoidea, D. sylvatica; concentra-

tions of diosgenin in the various plant parts.]

Baker, J. G. Dioscoreaceae. In: W. T. Thiselton-Dyer, ed., Fl. Tropical Africa 7: 4 14-

Baquar, S. R. Chromosome behaviour in Nigerian yams {Dioscorea). Genetica 54: 1-

9. 1980. [Nine species; chromosome counts, polyploidy.]

Barrau, J. Les ignames alimentaires des iles du Pacifique Sud. Jour. Agr. Trop. Bot.

Appl. 3: 385-401. 1956. {D. alata, D. bulbifera, D. esculenta. D. pentaphylla- tax-

onomy, distribution, cultivation.]

Barroso, G. M., E. F. GuimarAes, & D. Sucre. Margarethia, uma sec^ao nova do

genero Dioscorea L., com a especie D. margarethia Barroso, Guimaraes et Sucre.

(EngUsh summary.) Loefgrenia 49: 1-7. 1970. [Section has divided leaves and six

staminal filaments connate into a thick column.]

,
,
& . Dioscorea pseudomacrocapsa Barroso, Guimaraes et Sucre,

uma especie nova de Dioscoreaceae da florula do estado da Guanabara. (English

summary.) Revista Brasil. Biol. 31: 309-312. 1971. [Species assigned to the new

sect. Spinosa.]

et al. Flora da Guanabara. Familia: Dioscoreaceae. (Enghsh summary.) Sellowia

25: 9-256. 1974. [Twenty-five species; habitats, taxonomy, anatomy, pollen, starch;

sect. Hyperocarpa raised to a genus; 213 figures.]

Bartlett, H. H. The source of the drug Dioscorea, with a consideration of the Dios-

coreae found in the United States. U. S. Dep. Agr. Bur. PI. Industry Bull, 189: 1-

29. 1910. [Five species; D. floridana and D. hirticaulis, spp. nov.; distributions,

medicinal properties, maps.]

Barua, a. K., D. Chakravarti, & R. N. Chakravarti. Steroid sapogenins from Indian

Dioscorea plants. Part II. Jour. Indian Chem. Soc. 33: 799-803. 1956. [Survey of

1 1 species. Part I, ibid 31: 173-178. 1954, deals with eight other species.]

Behnke, H.-D. Plant trichomes - structure and ultrastructure: general terminology, taxo-

nomic appHcations, and aspects of trichome-bacteria interaction in leaf tips oi Dios-

corea. Pp. 1-21 in E. Rodriguez, P. L. Healy, & I. Mehta, eds.. Biology and

chemistry of plant trichomes. New York and London. 1984. [D. macroura, ultra-

structure of leaf tips, 6-19, figs- 6-21.]

& B. SuKKRi. Anastomoses in intemode ot Dioscorea: their frequency, structure,

and function. Zeitschr. Pflanzenphysiol. 66: 82-92. 1971.

Bhat, B. K., & B. B. BiNDROO. Sex chromosomes in Dioscorea deltoidea Wall. C:ytologia

45: 739-742. 1980. [Homomorphic sex chromosomes in staminate plants, hetero-

morphic in carpellate ones.]
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Blake, S. F. Notes on the Clayton herbarium. Rhodora 20: 48-54. 1918. [D. villosa,

48, 49; indicates that Bartlett's choice of D. paniculata Michx. as a replacement for

the Linnaean D. villosa was based on insufficient grounds; a new combination; see

Bartlett.]

Blunden, G., C. J. Briggs, & R. Hardman. Steroidal constituents of the aerial parts

ofDioscorea and Tamus species. Phytochemistry 7: 453-458. 1968. [Nine species;

sapogenin contents of leaves are six to 40 times more than those of stems.]

& R. Hardman. Thin-layer chromatography of Dioscorea sapogenins. Jour.

Chromatography 15: TTh-lld. 1964. {D. hondurensis (as D. belizensis), D. sylvatica,

D. villosa.]

,
, & F. J. Hind. The comparative morphology and anatomy of Dioscorea

sylvatica Eckl. from Natal and the Transvaal. Bot. Jour. Linn. Soc. 64: 431-446.

1971. [Leaf and stem anatomy; a new subspecies.]

,
, & G. E. Trease. Some observations on the propagation of Dioscorea

belizensis Lundell and other steroid-yielding yams. PI. Med. 14: 84-89. 1966. [D.

hondurensis, leaf cuttings.]

BouRRET, D. Etude ethnobotanique des Dioscoreacees alimentaires: ignames de Nou-
velle-Caledonie. 135 pp. Thesis, Fac. Sci. Paris. 1973.*

Braun, E. L. The vascular flora of Ohio. Vol. 1. The Monocotyledoneae. viii + 464

pp. [Columbus,] Ohio. 1967. [D. oppositifolia (as D. batatas), D. quaternata, D.

Bridge, J. Nematodes of yams. Pp. 253-264 in J. Miege & S. N. Lyonga, eds.. Yams.
Oxford. 1982. [A review.]

Britton, N. L., & A. Brown. An illustrated flora of the northern United States, Canada

OWN, M. L., & R. G. Brown. Herbaceous plants of Maryland, xlvii + 1 125 p
32 unnumbered color pis. College Park, Maryland. 1984. [D. hirticaulis, D. op,

tifolia (as D. batatas), D. quaternata, D. villosa, 357-359; color photograph c

RKiLL, I. H. The correct botanic names for the white and the yellow Guinea yams.

Gard. Bull. Straits Settl. 2: 438-441. 3 pis. 1921. [D. cayenensis, D. rotundata.]

. A list of oriental vernacular names of the genus Dioscorea. Ibid. 3: 121-244.

maps 1-5. 8, 9. 1924. [Distribution maps of generic sections, sources and origins of

vernacular names, names within various geographic regions, origin and distribution

of the most important cultivated species; alphabetic list of several hundred common
names, the areas in which they are used, and the scientific names of plants to which

they are applied.]

. The phyWoiaxy of Dioscorea glauca Muhl. Jour. Bot. London 74: 89-101. 1936.

[D. quaternata (as D. glauca); vasculature of the nodes and intemodes.]

. The contact of the Portuguese with African food-plants which gave words such

as "yam" to European languages. Proc. Linn. Soc. London 150: 84-95. 1938. [The

English word yam, the French igname, the Spanish fiame, and the Portuguese ynhame
are most likely derived from the African niam (Mande) or enyame (Temne).]

. Two notes on dioscoreas in the Congo: (1) the acarodomatia of D. minutiflora

Engl, and D. smilacifolia DeWild., and (2) twining in both directions in D. Baya
DeWild. Ibid. 151: 57-6 1 . 1 939a. [Domatia occupied by mites, found in four African

species of sect. Enantiophyllum, are shallow pits covered by inrolled leaf margin

Enantiophyllum except Z

15: 345-392. 1939b. [Twenty-three species in six sections; detailed descriptic
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. Slight zygomorphy in Dioscorea syhatica Ecklon. Jour. Bol. London 78: 100,

101. 1940.

. A plea for a description from life of the African Dioscorea minutiflora Engl.

Proc. Linn. Soc. London 159: 77-8 1 . 1 947. [Key to the types of tubers and rhizomes

oi Dioscorea and Tamus.]

. The rise and decline of the greater yam in the service of man. Adv. Sci. London

. Testudinaria as a sect

191. 1952. [Section endem
hemicrypta, and D. sylvatic

. A dictionary of the economic products of the Malay Peninsula, ed. 2. Vol. 1.

Frontisp. + xiv + 1240 pp. Kuala Lumpur. 1966. [Dioscorea, 824-838; economic

importance of 18 species, including D. alata, D. bulbifera, and D. oppositifo/ia (as

D. opposita).]

& R. E. HoLTTUM. Dioscorea piscalorum or tuba-ubi, a fish poison. Gard. Bull.

Straits Settl. 3: 260. 1 924. [Test of tuber poison.]

& H. Perkier DE la Bathie. Dioscoreaceae. In: H. Humbert, ed., Fl. Madagascar

Comores 44: 1-78. 1950. [Dioscorea; 33 species m 12 sections.]

&
. New units in the taxonomy of the Madagascan Dioscoreaceae. Not.

Syst. Paris 14: 132-137. 1951. [Dioscorea; four species, new taxa; four new sections

without descriptions; sectional relationships and differences.]

Butterheld, H. M. Dioscorea and Testudinaria. Cact. Succ. Jour. 43: 117. 1971.

[Popular notes on lack of generic boundaries.]

Cartoni-Cretton, N. Etude sur la bulbille de Dioscorea batatas. (English summary )

Saussurea 9: 1-2 1 . 1 978. [D. oppositifolia (as D. batatas); formation and germination

of bulbil buds, anatomy.]

Castillon, L. Las Dioscoreaceas argentinas. Bol. Mus. Hist. Nat. Univ. Nac. Tucuman
11: 1-41. 1927. [Dioscorea; 32 species in 15 sections; see Hauman.]

Chan, K. C. Steroidal sapogenins from Dioscorea in Malaysia. Planter 49: 146-151.

1973.*

Chang, M.-C, Z.-J. Wu, H.-C. Chin, & C.-T. Ting. Comparative anatomy of Chinese

Bull. Nanjing Bot. Gard. (Mem. Sun Tan Sen) 1982: \-%. pis. 1-5. 1982. [Compar-

ative stem anatomy, fruit and seed morphology; 35 species of five sections.]

Chevalier, A. Contribution ^ I'etude de quelques esp^ces africaines du genre Dioscorea.

Bull. Mus. Hist. Nat. Paris, IL 8: 520-551. 1936. [Notes on 22 species in eight

. Notes sur deux ignames. {Dioscorea cayenensis Lamk. et D. minutiflora Engler.)

Revue Bot. Appl. Agr. Trop. 18: 33-37. 1938. [Apparently all species of sect. En-

antiophyllum with opposite upper leaves often have spiny stem bases and edible

. Nouvelles recherches sur les ignames cultivees. Ibid. 26: 26-31. 1946. [Origin

and cultivation of the major African, American, and Asiatic yams.]

. Un igname d'Afrique employe dans les empoisonnements criminels. Ibid. 11:

56, 57. 1947. [D. sansibarensis, toxic effects.]

. De quelques Dioscorea d'Afrique equatoriale toxiques dont plusieurs varietes

sont ahmentaires. Ibid 32: 14-19. 1952. [D. anthropophagorum, D. bulbifera. D.

latifoUa. D. sansibarensis.]

Chin, H.-C, M.-C. Chang, P.-P. Ling, C.-T. Ting, & F.-P. Dou. A cytotaxonomic

study on Chinese Dioscorea L. —the chromosome numbers and their relation to the

origin and evolution of the genus. (In Chinese; English summary.) Acta Phytotax.

Clewell, a. F. Guide to the vascular plants of the Florida Panhandle, [viii] + 605 pp.
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Tallahassee, Florida. 1985. [D. alata. D. bulbifera. D. Jlondana. D. quatemata. 103,

CoNZATTi, C. Flora laxonomica mexicana. Vol. 2. 220 pp. Mexico. 1947. [Dioscorea-

ccac, 206-210; 26 species o{ Dioscorea, key, brief descriptions.]

CoPELAND, E. B. Growth phenomena o^ Dioscorea. Philip. Jour. Sci. Bot. 11: 227-241.

1916. [Stem nutation in darkness and in light.]

CoRKiLL, N. L. The poisonous wild cluster yam, Dioscorea dumetorum Pax, as a famine
food in the Anglo-Egyptian Sudan. Ann. Trop. Med. Parasitol. 42: 278-287. pis. 9,

CORRELL, D. S., &M. C.

+ XV + 1881 pp. Rt

temata, D. villosa.]

,B.G.Sa -lUBERT, \

of cortisone . Econ. E

genus.] '

COURSEY,D. G. The role 1 West African food economies. World Crops 17(2):

74-82. 1965.

members of the Dioscoreaceae. xiv + 230 pp. London. 1967. [A comprehensive
account of the history, geography, botany, agriculture, pests, chemical composition,

social and cultural importance, and toxic and pharmacological constituents of var-

ious species o{ Dioscorea.]

. The civilizations of the yam: interrelationships of man and yams in Africa and
the Indo-Pacific region. Archaeol. Phys. Anthropol. Oceania 7: 215-233. 1972.

[Uses, domestication.]

. The origins and domestication of yams in Africa. Pp. 1 87-2 1 2 in M. L. Arnott,
ed.. Gastronomy: the anthropology of food and food habits. Paris. 1975. [Domes-
tication in Africa, the Americas, and Asia.]

. Yams: Dioscorea spp. (Dioscoreaceae). Pp. 70-74 in N. W. Simmonds, ed..

Evolution of crop plants. London and NewYork. 1 976a. [Cytology, early and recent

history, prospects, relationships of the cultivated yams, role of hybridization, eco-

nomic importance.]

. The origins and domestication of yams in Africa. Pp. 383-408 in J. R. Harlan,
J. M. J. De Wet, & A. B. L. Stemler, eds.. Origins of African plant domestication.

1976b.*

& C. K. Coursey. The new yam festivals of West Africa. Anthropos 66: 444-

Cox, D. K., A. Hernandez Corzo, E. Matuda, & J. G. Gonzalez Duran. Estudio

dc las dioscoreas mexicanas I. Dioscorea spiculijlora Hemsl. Bol. Soc. Bot. Mex. 22:

12-27. 1958. [Description, chromosome numbers, ecology, distribution.]

Crete, P. A propos de I'embryogenie du Dioscorea oppositi folia L. Bull. Soc. Bot. France
100: 306, 307. 1953.

Gushing, A. M. Monograph on Dioscorea villosa and dioscorine; their physiological

effects with their use in disease. 52 pp. Detroit. 1869.*

Dale, E. On the origin, development, and morphological nature of the aerial tubers in

Dioscorea saliva L. Ann. Bot. 15: 491-501. /;/. 26. 1901. [D. bulbifera.]

Deam, C. C. Flora of Indiana. 1236 pp. Indianapolis. 1940. [D. glauca, D. hirticaulis,

D. quatemata. D. villosa, 330-332.]

Degras, L., ed. L'igname. Inst. Natl. Rech. Agron. Vol. 2. 296 pp. Paris. 1980. [Inter-

national symposium; 29 papers on the cultivation, physiology, pests, and repro-
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recentes. (English summary.) Pp. 60-87 in J. Miege & S. N. Lyonga, eds.. Yams.
Oxford. 1982.

, R. Arnolin, a. Poitout, & C. Suard. Quelques aspects de la biologic des

ignames {Dioscorea spp.) I. —Les ignames et leur culture. (English summary.) Ann.
Amel. PI. 27: 1-23. 1977. [D. alata, D. bulbifera, D. cayenensis, D. trifida.]

DeYoung, J. E., ed. Yamcultivation in the Trust Territory. Anthropol. Working Pap.

4. 65 pp. Guam. 1959. [Cultivation in Palau, Ponape, and Yap.]

DuMONT, R. Etude morpho-botanique des ignames Dioscorea rotundata et Dioscorea

cayenensis cultivees au Nord-Benin. Agron. Trop. 32: 225-241. 1977.*

Duncan, W. H., & J. T. Kartesz. Vascular flora of Georgia. An annotated checklist.

ix +143 + 3 unnumbered index pp. Athens, Georgia. 1981. [D. floridana, D.

hirticauHs, D. oppositifolia (as D. batatas), D. quaternata, D. villosa, 43; see Jones

& COILE.]

Ekundayo, C. a. Stomatal development in Dioscorea and Elaeis guineensis. Trans.

Missouri Acad. Sci. 6: 6-11. 1972. [D. alata, D. cayenensis, D. dumetorum, D.

rotundata; stomata anomocytic in all species.]

Essad, S. Variation geographique de nombres chromosomiques de base et polyploidie

dans le genre Dioscorea a propos du denombremenl des esp^ces transversa Brown,

pilosiuscu/a Bert, et trifida L. (English summary.) Agronomic 4: 61 1-617. 1984.*

Fernald, M. L. Gray's manual of botany, ed. 8. Ixiv + 1632 pp. NewYork and other

cities. 1950. [D. hirticaulis, D. oppositifolia {di^ D. batatas), D. quaternata. D. villosa.

451,452.]

Forsyth, C, & J. van Staden. Tuberization of Dioscorea bulbifera stem nodes in

cuhure. Jour. PI. Physiol. 115: 79-83. 1984.

GiRAL, F. Las dioscoreas en la industria farmaceutica. Revista Soc. Cuba. Bot. 14: 12-

26. 1957. [Historical account of phytochemical studies; names and formulas of

isolated steroidal sapogenins.]

GiRARD, F. Les gens de I'igname. Les Buang de la vallee du Snake, District de Morobe,

Nouvelle-Guinee. Jour. Agr. Trop. Bot. Appl. 14: 287-338. pis. 1-8. 1967. [Detailed

anthropological account of yam cultivation for food and rituals; no scientific names

Gleason, H. a. The new Britton and Brown illustrated flora of the northeastern United

States and adjacent Canada. Vol. 1. Ixxv + 482 pp. Lancaster, Pennsylvania. 1952.

, 439, 440; Dioscorea hirticaulis, D. oppositifolia (as D. batatas), D.

Goebel, K. Morphologische und biologische Bemerkungen. 16. Die Knollen der Dios-

coreen und die Wurzeltrager der Selaginellen, Organe, welche zwischen *

und Sprossen stehen. Flora 95: 167-212. 1905. [Tuber f

Gomez-Pompa, a. Notas botanicas sobre algunas d

tica. (English summary.) Ciencia 21: 221-229. 1962. [D. composita. D. flori

D. mexicana, D. spiculiflora; descriptions, ecology, distribution; history ot their

discovery as sources for precursors of steroidal hormones.]

Gooding, H. J. West Indian Dioscorea alata cultivars. Trop. Agr. Trinidad 37: 1 1-30.

1960. [Sixteen cultivars; descriptions, variation in leaf and tuber, key.]

Grout, B. W. W., & A. Williams. Extrafloral nectaries oi Dioscorea rotundata Poir.:

their structure and secretions. Ann. Bot. II. 46: 255-258. pis. 1, 2. 1980. [Anatomy

of leaf-blade nectaries; sugar content; light and transmission electron microscopy.]

Hansen, B. Studies in the flora of Thailand 42. Dioscoreaceae. Dansk. Bot. Arkiv. 23:

459-463. 1968. [Dioscorea; 14 species, distribution, notes.]

Harrison, I. T., M. Valasco, & C. Djerassi. Chiapagenin and isochiapagenin. Two
new steroidal sapogenins from Dioscorea chiapasensis. Jour. Organ. Chern. 26: 155-

Hashimoto, T., K. Hasegawa, & A. Kawarada. Batatasins: new dormancy-inducing
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Hauman, L. Les Dioscoreacees de FArgentine. Anal. Mus. Nac. Hist. Nat. Buenos Aires

27: 441-513. 1916. [Dioscorea\ 19 species; see Castillon.]

Hawley, W. O. Dioscoreas as ornamental foliage plants. Natl. Hort. Mag. 35: 23-29.

1956.

Haynes, p. H., & D. G. CouRSEY. Gigantism in the yam. Trop. Sci. 11: 93-96. pis. I-

3. 1969. [Tubers of D. data reach up to 3.5 min length and 110 kg in weight, those

of D. elephantipes up to 350 kg.]

Henry, G. Studies on botanical and agronomic characteristics in cush-cush {Dioscorea

trifida L. f.). Ph.D. dissertation, McGiU Univ., Montreal, Canada. 1967.*

Herklots, G. a. C. Vegetables in South-East Asia, xii + 525 pp. New York. 1972.

[Dioscorea. 416-428.]

Hitchcock, A. S., & M. L. Green. Standard-species of Linnaean genera of Phanero-

gamae (1753-54). Pp. 110-199 in International Botanical Congress, Cambridge

(England), 1930. Proposals by British botanists. 1929. [D. bulbifera as the lectotype

of Dioscorea, 192.]

Hodge, W. H. The elusive elephant's foot. Nat. Hist. 62: 324-329. 1953. [D. elephan-

HoLM, T. Medicinal plants of North America. 97. Dioscorea villosa L. Merck's Rep.

22:311-315. 1913.*

HussAiN, S. M. Medicinal use of Dioscorea deltoidea Wall. Pakistan Jour. Forestry 3:

91,92. 1953.*

Ikediobi, C. O., & L. C. Igboanusi. Identification of yam {Dioscorea spp.) species and
cultivars by use of electrophoretic patterns of soluble tuber proteins. Biotropica 15:

65-67. 1983. [D. alata, D. cayenensis. D. dumetorum, D. esculenta, D. rotundata

Ingram, J. S., & L. H. Greenwood-Barton. The cultivation of yams for food. Trop.

Sci. 4: 82-86. 1962. [Cultivation, economic importance.]

Irvine, F. R. Supplementary and emergency food plants of West Africa. Econ. Bot. 6:

23-40. 1952. [Dioscorea. 25-27.]

Jensen, H. W. Meiosis in several species of dioecious Monocotyledoneae I. The pos-

sibility of sex-chromosomes. Cytologia, Fujii Jub. Vol.: 96-103. 1937. [D. qiiater-

tifolia (as D. batatas), and D. villosa. 28, 29.]

Kadkade, p. G., C. Rolz, & J. D. Dwyer. Steroidal sapogenins of the tubers of Dios-

coreaceae: a chemotaxonomic study. Lloydia 39: 416^19. 1976. [Dioscorea, seven

known and six undetermined species; distribution of 13 sapogenins.]

Karnick, C. R. Dioscorea (yams)— the food of slaves, with potentials for newer drugs.

Quart. Jour. Crude Drug Res. 9: 1372-1391. 1969. [Review of taxonomy, anatomy,

embryology, physiology, ethnobotany, phytochemistry, pharmacology, and econom-

Ihid 10: 1607-1625. 1970. [D. alata. D. bulbifera. D. sativa. D. Wallichii\ no^

. Phytochemical investigations of some Dioscorea species and varieties found

India. Ibid. 11: 1761-1773. 1971. [Fifty-one taxa screened for alkaloids, glycosid

carbohydrates, saponins, sterols, tannins, proteins, and phenolic compounds.]
. The effects of photoperiod on steroidal sapogenins and other constituents

Dioscorea deltoidea Wall. Ann. Bot. II. 36: 605-610. pi. 1972. [Sapogenms a

phenolic components increased in leaves and tubers during growth.]
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Kaul, B., & E. J. Staba. Dioscorea tissue cultures. I. Biosynthesis and isolation of

diosgenin from Dioscorea deltoidea callus and suspension cells. Lloydia 31: 171-

179. 1968. [Undifferentiated cells of tissue culture produce significant amounts of

diosgenin; a related paper in ibid. 32: 347-359. 1969.]

Knuth, R. Dioscoreaceae novae. I. Repert. Sp. Nov. 21: 77-81. 1925. [Part II, ibid

22: 344-347. 1925; parts III-V, ibid. 28: 81-88. 1930; part VI, ibid. 30: 158-161.

1932; part VII, ibid 36: 125-128. 1934; part VIII, ibid 38: 117-121. 1935.]

Koch, W. Las dioscoreas de Guatemala. Ceiba 12(1): 58-60. 1966. [Key to 14 species

based on tuber characters; diosgenin contents.]

& C. Bruhn. Uber die Morphologie der Speicherorgane einiger mittelameri-

kanischer Dioscoreen. Flora 152: 670-678. 1962. [D. chiapasensis, D. composita,

D. floribunda, D. spiculiflora.]

Kreig, M. B. Green medicine. The search for plants that heal. 462 pp. Chicago, New
York, and San Francisco. 1964. [Historical account of the isolation of steroidal

hormones from some Mexican species of Dioscorea. 255-292.]

Lawani, S. M., & M. O. Odubanjo. A bibliography of yams and the genus Dioscorea.

vi + 192 pp. Ibadan, Nigeria. 1976. [Excellent compilation of 1562 annotated

bibliographies through 1975; bibliographies classified into 11 sections, including

botany (anatomy, morphology, histology, physiology, genetics, cytology, breeding,

taxonomy) and phytochemistry; indexes to authors and subjects.]

Lawton, J. R. S. A key to the Dioscorea species in Nigeria. West Afr. Sci. Assoc. Jour.

12: 3-9. 1967.*

Lelong, M. G. Annotated list of vascular plants in Mobile, Alabama. Sida 7: 1 18-146,

1977. [D. villosa. 128.]

Lewis, W. H., & M. P. F. Elvin-Lewis. Medical botany. Plants affecting man's health

XV + 515 pp. New York, London, Sydnev, and Toronto. 1977. [Dioscorea. 6, 19,

93,95,285,318,319,322,387.]
Li, D.-G., & Y.-C. RuAN. Diosgenin and yamogenin from four species of Dioscorea L.

in Yunnan. (In Chinese; English summary.) Acta Bot. Yunnanica 2: 476-479. 1980.

[D. Collettii. D. panthaica. D. parvifJora.]

Ling, P.-P., Z.-J. Wu, &. H.-C. Chin. Some observations on the epidermis of Chinese

Dioscorea and its taxonomic significance. (In Chinese; EngUsh summary.) Bull. Nan-

jing Bot. Gard. (Mem. Sun Yat Sen) 1982: 9-\6. pis. 1-5. 1982. [Thirty-eight species

Liu, T.-S., & T.-C. Huang. On the Taiwan species of Dioscorea. Bot. Bull. Acad. Sinica,

n.s. 3: 133-149. 1962. [Fifteen species; descrij

&
. Dioscoreaceae. Fl. Taiwan 5: 9't

Macbride, J. F. Dioscorea. Fl. Peru. Publ. Field Mi

MacRoberts, D. T. The vascular plants of Louisiana. An annotated checklist and

bibliography of the vascular plants reported to grow without cultivation in Louisiana

.

Bull. Mus. Life Sci. Louisiana State Univ. Shreveport6: 1-165. 1984. [D. quaternata.

D. villosa. 35; distinctness of the two species questioned.]

Martin, F. W. Sex ratio and sex determination in Dioscorea. Jour. Hered. 57: 95-99.

1966. [Sex determination controlled by X-Y chromosomes.]

. Species of Dioscorea containing sapogenin. Econ. Bot. 23: 373-379. 1 969. [Com-

pilation of sapogenin contents in about 125 species.]

. Potencialidades para mejorar los fiames que contienen sapogeninas. Publ. Espec.

Inst. Nac. Invest. Forest. Mex. 8: 89-110. 1973. [D. alata. D. composita, D. flori-

bunda.]

. Tropical yams and their potential. Part 1. Dioscorea esculenla. U. S. Dep. Agr.

Agr. Handb. 457. 1 8 pp. 1 974a. [Botany, cytology, cultivation.]

. Tropical yams and their potential. Part 2. Dioscorea bulbifera. Ibid. 466. 20 pp.

1974b. [Origin, distribution, morphology, cytology, culture.]
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. Tropical yams and their potential. Part 3. Dioscorea alata. Ibid. 495. 40 pp.

1976. [Origin, distribution, morphology, cytology, culture, uses.]

& E. Cabanillas. a wild hybrid of sapogenin-bearing Dioscorea species. Bull.

Torrey Bot. Club 90: 232-237. 1963. [D. composita x D. floribunda.]
&

. The F, hybrids of some sapogenin-bearing Dioscorea species. Am.
Jour. Bot. 53:350-358. 1966. [Artificial hybridization among 15 species of Z)/o.sco/-ea

,
, & S. Ortiz. Natural pollination, hand pollination and crossability of

some Mexican species o^ Dioscorea. Trop. Agr. Trinidad 40: 135-141. 1963. [D.

coinposita. D. floribunda, D. spiculiflora\ fruit set, cross fertility.]

& L. Degras. Tropical yams and their potential. Part 5. Dioscorea trifida. U. S.

Dep. Agr. Agr. Handb. 522. 26 pp. 1978a. [History and origin, distribution, mor-
phology, chromosome number, cultivation.]

&
. Tropical yams and their potential. Part 6. Minor cultivated Dioscorea

species. Ibid. 538. 23 pp. 1978b. [D. dumetorum, D. hispida, D. nummularia. D.

pentaphylla.]

, N. E. Delfel, & H. J. Cruzado. Dioscorea Friedrichsthalii, another sapogenin-

bearing species. Turrialba 13: 1 59-1 63. 1 963. [Description, sapogenin content, chro-

mosome number, interspecific crosses.]

& M. H. Gaskins. Cultivation of the sapogenin-bearing Dioscorea species. U. S.

Dep. Agr. Agr. Res. Serv. Prod. Res. Rep. 103. 19 pp. 1968. [D. composita. D.

& S. Ortiz. Chromosome numbers and behavior in some species oi Dioscorea.

Cytologia 28: 96-101. 1963a. [Counts for 13 species, summary of previous counts;

New and Old World species are based on nine and ten, respectively.]

&
. Origin and anatomy of tubers o{ Dioscorea floribunda and D. spicu-

iiflora. Bot. Gaz. 124: 416-421. 1963b.
&

. Newchromosome numbers in some Dioscorea species. Cytologia 31:

105-107. 1966. [Counts for 1 1 determined and four undetermined species.]

& A. M. Rhodes. Correlations among greater yam {Dioscorea alata L.) cultivars.

Trop. Agr. Trinidad 50: 183-192. 1973. [Correlations among 100 characters of 30

&
. Intraspecific classification of Dioscorea alata. Ibid. 54: 1-13. 1977.

&
. The relationship of Dioscorea cayenensis and D. rotundata. Ibid. 55:

193-206. 1978. [Numerical analysis of 75 characters supports the recognition of

one species complex.]—& S. Sadik. Tropical yams and their potential. Part 4. Dioscorea rotundata and
Dioscorea cayenensis. U. S. Dep. Agr. Agr. Handb. 502. 36 pp. 1977.—

, L. Telek, & R. M. RuBERTE. Yellow pigments of Dioscorea bulbifera. Jour. Agr.

Food Chem. 22: 335-337. 1974. [Bulbil color due to saponifiable esters of xantho-

penanthia, spp. nov.]

. Las dioscoreas de Mexico. Ibid 279-390. 1953b. [Treatment of 63 species;

descriptions, distributions, keys, 58 figures.]

. Las dioscoreas del Estado de Mexico. Toluca, Mexico. 61 pp. 1955. [Twenty-

seven species; descriptions, synonymy, distributions in Mexico, key, illustrations.]

. Dioscoreas nuevas de Mexico. Bol. Soc. Bot. Mex. 21: 1-8. 1957. [D. alboho-

losericea. D. Coxii, D. escuintlensis. D. tabascana, spp. nov.]

. Nuevas plantas de Mexico. Anal. InsL Biol. Mex. 32: 143-155. 1961. [Nana-

repenta tolucana, gen. et sp. nov., 143-147.]
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. Nueva Nanarepenta de Guerrero. (English summary.) Cact. Sucul. Mex. 19: 70,

71. 1974. [N. guerrerensis, sp. nov.]

McClure, F. a. a note on a Chinese vegetable dye. Lingnaam Agr. Rev. 4: 31-37. pi.

5. 1927. [Brown dye from the tubers of Z). rhipogonoides; preparation, dyeing silk.]

MiEGE, J. Contribution k I'etude systematique des Dioscorea d'Afrique occidentale.

Th^se Sci. Nat. 266 pp. 1952.*

. Les phenom^nes de nutation chez les Dioscorea. Ann. Sci. Univ. Besanfon, II.

Bot. 12: 63-70. 1958. [D. bulbifera, D. dumetorum, and D. esculenta are dextrorse,

while D. alata and D. minutiflom are sinistrorse; physiology of nutation.]

. L'appui de la palynologie dans la distinction des espdces africaines de Dioscorea.

Webbia 19: 841-845. pis. 63-66. 1965. [Pollen of 31 species of eight sections.]

TCHiNSON, J. M. Dalziel, & F. N. Hepper, eds., Fl.

/est Trop. Africa, ed. 2.3(1) : 144-154. 1968. [Dioscorea; 20 species, keys to sta-

linate and carpellate plants.]

bliaire, caractere possible d'identification et de sepa-

ition specifiques chez les Di oscoreacees. Ann. Sci. Univ. Besanfon, III. Bot. 12:

1-95. p/. 1972.

-. De quelques caract^res ( liscriminatoires entre les taxons intraspecifiques de

Hoscorea bulbifera L. (English summary.) Pp. 185-196 in J. Miege&S. N. Lyonga,

eds., Yams. Oxford. 1982a. [Comparison of wild and cultivated forms; petiolar

anatomy, chromosome numbers, bulbil morphology, scanning-electron microscopy

of leaf epidermis, key to infraspecific taxa; evaluation of characters and taxa.]

plexe Dioscorea cayenensis-D. rotundata. (English summary.) Pp. 197-231 in J.

Miege & S. N. Lyonga, eds., ibid. 1 982b. [Electrophoresis of tuber and seed proteins,

close affinities and grouping among cultivars.]

. Note sur les esp^ces Dioscorea cayenensis Lamk. et D. rotundata Poir. Pp. 367-

375 in J. Miege & S. Lyonga, eds., ibid. 1982c. [English translation, without figures

or bibliography, pp. 377-383; evidence supports the reduction of D. rotundata to a

subordinate of the earlier-published D. cayenensis.]

. Dioscoreaceae of Ethiopia. Symb. Bot. Upsal. 26(2): 157-168. 1986. [Eleven

species in five sections; preliminary distribution maps of seven taxa.]

& S. N. Lyonga, eds. Yams, xviii + 41 1 pp. Oxford. 1982. [Twenty-five papers

(12 in English and 13 in French); five parts dealing with plant improvement, ag-

ronomic studies and taxonomy, plant protection, post-harvest biology and tech-

nology, and economics of production and mechanization; discussions at the end of

each part; appendix; English and French subject indexes.]

Miege, M.-N., & J. Miege. Recherches taxonomiques et biologiques sur la famille de

Dioscoreacees: I. Les proteines des graines de quatre espdces de Dioscorea dAfrique

occidentale: methodologie et resultats systematiques. (English and German sum-

maries.) Arch. Sci. 24: 177-205. 1971. [Electrophoresis of seed proteins supports

the placement of four species in different sections.]

Milne-Redhead, E. Dioscoreaceae. In: R. M. Polhill, ed., Fl. Trop. East Africa. 26

pp. 1975. [Dioscorea, 19 species.]

Mohlenbrock, R. H. The illustrated flora of IlHnois. Flowering plants, hlies to orchids,

xii + 288 pp. Carbondale and Edwardsville, Illinois. 1970. [D. quaternata, D. villosa.

146-151.]

MoHR, C. Plant life of Alabama, xii + 921 pp. Montgomery, Alabama. 1901. (Reprinted

from Contr. U. S. Natl. Herb. 6. 1901.) [D. villosa. 449.]

Morton, C. Y. Notes on Dioscorea, with special reference to the species of the Yucatan

Peninsula. Carnegie Inst. Publ. 461: 239-253. 1936. [Key and treatment often species

of the Yucatan Peninsula, notes on 15 other species; five new species and three nev/

. Dioscoreaceae. //;; R. E. Woodson, Jr., & R. W. Schery, eds., Fl. Panama.
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Ann. Missouri Bot. Gard. 32: 26-33. 1945. [Dioscorea; \l species, dcscriptioi

431 pp. Spnnglield, Illinois. 1977. [Dioscoreaceae, 73-83; D. composita, D. flo

MuRTY, Y. S., & PuRNiMA. Morphology. anatomy and development of bulbil in sor

dioscoreas. Proc. Indian Acad. Sci. PI. Sci. 92: 443-449. 1983. [Eleven species.]

Nakajima, G. Cytological studies in some dioecious plants. Cytologia, Fujii Jub. Vc
282-292. 1937. [D. graciUima. D. lokoro.]

NiNAN, C. A., S. Abraham, & P. G. Pillai. On the cultivar taxonomy o^ Dioscor

alala. NewBot. 2: 1 5 1-1 53. 1 975. [Three cultivar groups of tubers based on presen

ofspincs and pigments.]

NjoKLU, E. The propagation of yams {Dioscorea spp.) by vine cuttings. Jour. W. A
Sci. Assoc. 8: 29-32. p/.v. /, 2. 1963.

Ohwi, J. Flora of Japan. Fmntisp. + ix + 1067 pp. Washington, D. C. 1965. [Die

coreaceae, 313-315; ten species of Dioscorea recognized.]

Onwueme, I. C. The tropical tuber crops: yams, cassava, sweet potato, and cocoyams.
xiv + 234 pp. Chichester, New York, Brisbane, and Toronto. 1978. [Dioscorea, 3-

1 06; ten chapters dealing with origin, classification, botany, propagation, cultiv

storage, diseases, economic importance, and prospects.]

Ornduff, R., ed. Index to plant chromosome numbers for 1966. Regnum Veg.

!

126. 196S. [Dioscorea. 39.]

Orr, M. Y. The leaf glands of Dioscorea macroura Harms. Notes Bot. Gard. Edinb.

14: 57-72. pis. 197, 198. 1923. [Nitrogen-fixing bacteria growing in secret

Ozo, O. N., J. C. Caygill, &. D. G. Coursey. Phenolics of five yam {Dioscorea) s

Phytochemistry 23: 329-331. 1984. [D. alala, D. bulbifera, D. cayenensis, D. du-

metorum. D. rotundata.]

[Pei, C, & C.-T. Ting.] Studies on Chinese Dioscorea sect. Stenophora Pr. et Burk. and
their chromosome numbers. (In Chinese; English summary.) Acta Phytotax. Sinica

14(1): 65-72. 1976. [D. banzhuana, D. biformifolia, spp. nov.; chromosome numbers

,
, H.-C. Chin, P. Su, S.-Y. Tang, & H.-C. Chang. A preliminary sys-

tematic study of Dioscorea L. sect. Stenophora Uline. (In Chinese; English summary.)
Acta Phytotax. Sinica 17(3): 61-72. 1979. [Section considered primitive; chromo-
some numbers, palynology.]

Pellegrin, F. Quelques remarques sur les Dioscoreacees du Paraguay. Bull. Soc. Bot.

Geneve 10: 383-388. 1918. [Species often sections.]

Perry, L. M. Medicinal plants of East and Southeast Asia: attributed properties and
uses. IX + 620 pp. Cambridge, Massachusetts. 1980. [Dioscorea, 125-127.]

Prain, D., & I. H. BuRKiLL. A synopsis of the dioscoreas of the Old World, Africa

excluded, with descriptions of new species and of varieties. Jour. Proc. Asiat. Soc.

Bengal, II. 10: 5-41. 1914. [Treatment of 107 species in eight sections.]

&
. ''Dioscorea sativa.'' Bull. Misc. Inf. Kewl919: 339-375. 1919. [Critical

evaluation of the Linnaean species (Sp. PI. 2: 1032-1034. 1753), particularly D.

cS: . Diagnoses specicrum no varum generis Dioscoreae. Ibid. 1925: 58-66.

1925. [Nineteen new species; 27 nomina resorbenda.]
&

. The genus Dioscorea in Siam. Ibid. 1927: 225-247. 1927. [Thirty-two

species; descriptions, distributions, maps.]
&

. Dioscorea: section Stenocorea. Ibid. 1931: 88-91. 1931. [Five species

endemic to southeastern Asia; D. sumatrana, sp. nov.; key, map.]
&

. Dioscoreaceae. In: H. Lecomte, H. Humbert, & P. Gagnepain, eds.,
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Fl. Gen. Indo-Chine 6: 698-745. 1934. [Fifty-one species in nine sections; descrip-

tions, keys.]

&
. An account of the genus Dioscorea in the East. Part I. The species

which twine to the left. Ann. Bot. Gard. Calcutta 14: i-iii, i, ii, 1-210, i-vi. pis. 1-

85 (bound separately). 1936. [A comprehensive account of 76 species; detailed

descriptions, distributions, economic importance; D. bulbifem, 111-132.]

&
. An account of the genus Dioscorea in the East. Part II. The species

which twine to the right: with addenda to Part I, and a summary. Ibid. 14: i, ii, 2 1
1-

528, i-xx.pls. 86-150ihound separately). 1938 [1939]. [Sect. Enantiophyllum, 211-

415; A alata, 302-342; D. oppositifolia (as D. opposita), 243-256; addenda (pp.

416-528) includes 35 distribution tables, as well as a summary on morphology,

phylogeny, and classification.]

PuRNiMA, & A. K. Srivastava. Leaf epidermal studies in Dioscorea Linn. Acta Bot.

Indica 13: 171-180. 1985. [Eighteen species.]

PuRSEGLOVE, J. W. Tropical crops. Monocotyledons 1. x + 334 pp. London. 1972.

[Dioscorea, 97-117; brief description and importance of several species, botany,

chemical composition, cultivation, diseases, production; key to the principal edible

QuiGLEY, F. R. Diosgenin in West African Dioscorea plants. PL Med. 33: 414, 415.

1978. [Contents in tubers often species.]

Raghavan, R. S. a chromosome survey of Indian dioscoreas. Proc. Indian Acad. Sci.

B. 48: 59-63. pis. 5-7. 1958. [Chromosome counts for nine species; photographs of

. Studies on the genus Dioscorea L. Bull. Bot. Surv. India 2: 379-386. 1960.

[Morphology and chromosome numbers of 13 species.]

Rao, a. N., & A. S. Tan. Shoot apex and bulbil development in Dioscorea sansibarensis

Pax. Bot. Jour. Linn. Soc. 72: 285-298. pis. 1-3. 1976.

Rao, p. S., & R. M. Beri. Dioscorea starches. Sci. Cult. 20: 387-398. 1955.*

Rao, V. R., R. K. Bammi, & G. S. Randhawa. Interspecific hybridization in the genus

Dioscorea. Ann. Bot. II. 37: 395-401. 1973. [D. alata, D. composita, D. deltoidea,

D. floribunda, D. Friedrichsthalii; artificial hybridization, fertility and sterility re-

lationships.]

& U. R. MuRTY. Meiotic studies in species and hybrids in medicinal yams. Curr.

Sci. Bangalore 44: 24, 25. 1975. [D. composita, D. floribu.

and their artificial hybrids.]

Rasper, V., & D. G. Coursey. Properties of starches of some V
Sci. Food Agr. 18: 240-244. 1967. [D. alata, D.

rotundata; granule size, viscosity.]

Rhodes, A. M., & F. W. Martin. Multivariate studies of variations in yams (Dioscorea

alata L.). Am. Soc. Hort. Sci. Jour. 97: 685-688. 1972.*

Rickett, H. W. Wild flowers of the United States. Vol. 2. The Southeastern States. Part

1. X + 322 pp. New York. 1967. [D. floridana, D. hirticaulis, D. quaternata (as

Riddle, J. M. Dioscorides on pharmacy and medicine. Frontisp. + xxviii -t- 298 pp.

Austin, Texas. 1985.

Rizzini, C. T., & A. DE Mattos-Filho. Tres especies novas de Minas Gerais e Bahia,

Brasil. (English summary.) Revista Brasil. Biol. 46: 317-321. 1986. [D. basiclavi-

caulis (sp. nov.) with enormous inflated, spiny stem base.]

RoMEiKE, A. Tropane alkaloids— occurrence and systematic importance in angiosperms.

Bot. Not. 131: 85-96. 1978. [Dioscorea, 88, 91, 92; synthesis of tropane alkaloids

originated independently within several evolutionary lines of angiosperms.]

Rowley, G. Testidinaria— the elephant's foot. Natl. Cact. Succ. Jour. 8: 46-50. 1953.

[Testudinaria recognized as a genus with six species; cultivation, key.]

Sadik, S., & O. U. Okereke. Flowering, pollen grain germination, fruiting, seed ger-
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Bot. II. 39: 597-604. ph. 1-3. 1975.

Santapau, H. The genus Dioscorea in Bombay State. Jour. Bombay Nat. Hist. Sc

624-636. pis. 1-3. 195L [Nine species; descriptions, distributions, key.]

Sarwar, M. Growth and development o[ Dioscorea spiculiflora Hemsl. and cross fe

with Dioscorea composita Hemsl. Ang. Bot. 45: 157-161. 1971.*

Sastri, B. N., ed. The wealth of India. Vol. 3. Frontisp. + xx + 236 + xxx pp.

ph. New Delhi. 1952. [Dioscorea, 67-76, pi 9; description, econc

and chemical composition of 1 1 species; D. alata, D. bulbifera.]

Schreter, A. I., et al. Nomenclature and distribution of Dioscorea from the Soviet Far

East and the resources of raw materials supplied by this plant. (In Russian.) Rastitel

Resursy 1: 307-397. 1965.*

Schubert, B. G. Studies in Dioscorea. I: a collection from British Honduras. Jour.

Arnold Arb. 47: 147-159. 1966. [D. Gaumeri, D. hondurensis; D. Sandwithii, sp.

. Aspects of taxonomy in the genus Dioscorea. Publ. Espec. Inst. Nac. Investig.

Forest. Mex. 8: 29-42. 1973. [Genera of Dioscoreaceae, evaluation and differences

from Dioscorea; subgenera oi Dioscorea, diversity within the genus; 5 figures,]

Proc. Biol. Soc. Wash. 84: 445-448. 1971. [D. insignh, sp. nov.]

Seale, C. C. Estudios con Dioscorea en el sur de la Florida. (English summary.) Proc.

Caribbean Reg. Am. Soc. Hort. Sci. 5: 56-58. 1961. [Cultivation of Z). composita

Seidemann, J. Mikroskopische Untersuchung verschiedener DioscoreaSXdiX'k.tn. Starke

16:246-253. 1964.*

trichomes in six species oi Dioscorea. Ann. Bot. II. 36: 997-1004. 1972. [D, alata,

D. belophylla, D. bulbifera, D. hispida. D. oppositifolia. D. Wallichii.]

Shah, J. J. Coenocytic vessel elements in Dioscorea alata. Nature 197: 1 125. 1963.

alata L. Canad. Jour. Bot. 45: 155-167. 1967. [Differences between vessels of nodes

Sharma, a. K., & D. N. De. Polyploidy in Dioscorea. Genetica 28: 1 12-120. 1956. [D.

alata, In = 30, 40, 50, 70.]

Sharma, O. P. Anatomy, origin and development of the rhizome of Dioscorea deltoidea

Wallich. Proc. Indian Acad. Sci. B. 84: 50-55. ph. 1-4. 1976a.

. Ontogeny and morphology of bulbil and its seedling tuber in Dioscorea melano-

phvma. Phytomorphology 28: 192-197. 1978. [Related papers on D. glabra in ibid

24: 297-305. 1975, and 26: 87-96. 1976b.]

. Ontogeny and morphology of the tuber of Dioscorea floribunda Mart, et Gal.

Proc. Indian Acad. Sci. (PI. Sci.) 89: 47-55. 1980. [Tubers result from the intensive

unilateral activity of the primary thickening meristem in the hypocotyl.]

. Ontogeny of seedling rhizome in Dioscorea Frazeri. Phytomorphology 36: 229-
234. 1986. [Rhizome development from the first plumular internode, sympodial
growth of rhizomes, origin of tubers.]

Shrum, J. E., P. K. Soderholm, & J. R. Haun. Preliminary studies on Z^/oiTorea growth
in Florida. Proc. Florida State Hort. Soc. 71: 315-317. 1958.*

SiDDiQi, M. A. Dioscoreaceae. Fl. West Pakistan 53: 1-6. 1 973. [Dioscorea, four species.]

Small, J. K. Manual of the southeastern flora, xxii + 1554 pp. New York. 1933.

[Dioscorea (under Tamaceae), 324, 325; D. jloridana, D. glaiica, D. hirticaulh, D.

Smith, A. I. A guide to wildflowers of the Mid-South, vii + 28 1 pp. Memphis, Tennessee.

1979. [D. xillosa in Georgia and Alabama, 78; color photograph.]

Smith, B. W. Notes on the cytology and distribution of the Dioscoreaceae. Bull. Torrey
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pp. Fayetteville, Arkansas. 1978. [D. oppositi folia {as D. batatas), D. y/7/o5a (including

D. hirticaulis and D. quaternata), 421.]

Smith, P. M. The development of the embryo and seedling of Dioscorea villosa. Bull.

Torrey Bot. Club 43: 545-558. pis. 31-34. 1916.

SoDERHOLM,P. K., ct al. Yield trials of steroid-producing Dioscorea on Florida's Ev-

erglades peat soils. Econ. Bot. 22: 80-83. 1968. [D. composita, D. spiculiflora.]

SosA, v., B. G. Schubert, & A. Gomez-Pompa. Dioscoreaceae. R. Veracruz 53: 1-46.

1987. [Dioscorea, 18 species; descriptions, distributions, habitats, illustrations, maps.]

Sparshott, E. N. Observations on the formation, development, and structure of the

tuber of Testudinaria elephantipes, and on the origin of the vegetative shoot. Jour.

Linn. Soc. Bot. 49: 593-610.;?/. 32. 1935. [D. elephantipes.]

Standley, p. C, & J. A. Steyermark. Dioscoreaceae. Fl. Guatemala. Fieldiana Bot.

24(3): 145-159. 1952. [Two introduced and 22 indigenous species oi Dioscorea.]

Steyermark, J. A. Flora of Missouri. Ixxxiii + 1725 pp. Ames, Iowa. [1963.] [D.

quaternata, D. villosa, 454, 455.]

Strausbaugh, p. D., & E. L. Core. Flora of West Virginia, ed. 2. xl + 1079 pp.

Grantsville, West Virginia. 1 978. [Dioscorea, 250, 25 1 ; descriptions and illustrations

of D. oppositifolia (as D. batatas), D. quaternata, and D. villosa.]

Su, P. Pollen morphology of Dioscorea in China. (In Chinese; English summary.) Acta
Phytotax. Sinica 25: 357-365. pis. 1-4. 1987. [Light and scanning-electron micros-

copy of pollen of 33 species in five sections.]

Takami, W. On the formation of calcium oxalate crystals in the young Itzi of Dioscorea

japonica and Zingiber Miyoga. (In Japanese; English summary.) Bot. Mag. Tokyo
79: 350-354. 1966. [Formation of crystals promoted by adding glucose to culture

medium and retarded by supplying oxygen, glutamic acid, or methionine.]

Takeda, K. The steroidal sapogenins of the Dioscoreaceae. Pp. 287-333 in L. Reinhold
& Y. LiwscHiTz, eds., Progress in phytochemistry. Vol. 3. London, New York,
Sydney, and Toronto. 1972. [Structure, biosynthesis, and distribution of steroidal

sapogenins in Dioscorea; chemotaxonomy.]

Takeuchi, Y. Embryo sac development in Dioscorea japonica Thunb. and D. quinque-
loba Thunb. Acta Phytotax. Geobot. 25: 57-60. 1 972. [Ovules anatropous, bitegmic,

crassinucellate; embryo sac of the Polygonum type.]

, T. Iwao, & A. Akahori. Chromosome numbers of some Japanese Dioscorea

species. Acta Phytotax. Geobot. 24: 168-173. 1970. [Eight species.]

Tan, a. S., & A. N. Rao. Studies on the developmental anatomy of Dioscorea sansi-

barensis Pax (Dioscoreaceae). Bot. Jour. Linn. Soc. 69: 21 1-227. pis. 1, 2. 1974.

Tattersfield, F., J. T. Martin, & F. N. Howes. Some fish-poison plants and their

insecticidal properties. Bull. Misc. Inf. Kew 1940: 169-180. 1940. [D. piscatorum,

173.]

Teichman und Logischen, I. VON, & p. J. Robbertse. Die anatomic en ultrastruktuur

van die ekstraflorale nektarkliere van Dioscorea sylvatica Eckl. en die samestelling

van die nektar. (English summary.) Jour. S. Afr. Bot. 45: 63-77. 1979.

, H. P. van der Schijff, & P. J. Robbertse. The genus Dioscorea L. in South
Africa. Boissiera 24a: 215-224. 1975. [Distributions and habitats of 17 species;

schematic representations of distinguishing characters.]

Telford, I. R. H. Dioscoreaceae. In: A. S. George, ed., Fl. Australia 46: 196-202.

1986. [Dioscorea, five species; maps, p. 219.]

Tellez, O., & B. G. Schubert. Una nueva especie del genero Dioscorea (Dioscoreaceae)

del Estado de Queretaro, Mexico. Ann. Missouri Bot. Gard. 74: 539-541. 1987. [D.

Matudae, sp. nov.]
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Tyler, V. E., L. R. Brady, & J. E. Robbers. Pharmacognosy, ed. 7. x + 537 pp.

Philadelphia. 1976. [Dioscorea, 91, 216, 217.]

Uline, E. B. Dioscoreae mexicanae el centrali-americanae. Bot. Jahrb. 22: 421-432.

1896. [Enumeration and descriptions of 37 species.]

. Dioscoreaceae. In: A. Engler & K. Prantl, Nat. Pflanzenfam. Nachtrage zu

II. 5: 80-87. 1897.

. Htginhothamia. A new genus, and other new Dioscoreaceae. Publ. Field Mus.

Bot. 1: 413-418. p/. 22. 1899. [Presence of four seeds in each locule of the fruit is

the key difference between the new genus and Dioscorea; see Schubert, 1973.]

Undie, a. S., & P. I. Akubue. Pharmacological evaluation of Dioscorea dumetorum

tuber used in traditional antidiabetic therapy. Jour. Ethnopharmacol. 15: 133-144.

1986. [Experimentation on mice and rabbits suggests the possibility of obtaining

tuber agents that could act in conditions of severe lack of insulin.]

Uphof, J. C. T. Dictionary of economic plants, ed. 2. 591 pp. New York and Codicote,

England. 1968. [Dioscorea. 180-182; economic importance of 36 species.]

Waitt, a. W. Yams, Dioscorea species. Field Crops Abstr. 16: 145-157. 1963.*

Walens, H. A., S. Serota, & M. E. Wall. Steroidal sapogenins xxxi. Gentrogenin and

corrcllogenin, new sapogenins from D. spiculiflora. Jour. Am. Chem. Soc. 77: 5196,

Walkjer,A. Les Dioscorea's du Gabon. Revue Bot. Appl. Agr. Trop. 32: 191-193. 1952

[Enumeration of edible and toxic species, medicinal importance.]

Wall, M. E., C. S. Fenske, H. E. Kenney, J. J. Willaman, D. S. Correll, B. G
Schubert, & H. S. Gentry. Steroidal sapogenins XLIII. Survey of plants foi

steroidal sapogenins and other constituents. Jour. Am. Pharm. Assoc. 46: 653-684

1957. [Dioscorea, 663-670, 683, 684. Related papers in ibid. 43: 1-7, 503-505

1954;44:438-440. 1955;48:695-722. 1959.]

, J. W. Garvin, J. J. Willaman. Q. Jones, & B. G. Schubert. Steroidal sapogenins

LX. Survey of plants for steroidal sapogenins and other constituents. Jour. Pharm
Sci. 50: 1001-1034. 1961. [Dioscorea. 1002-1004.]

Ward, D. B. Keys to the flora of Florida- 5, Dioscoreaceae. Phytologia 38: 151-154

1977. [D. alata. D. bulbifera, D. floridana, D. quaternala; D. oppositifolia (as D.

batatas) and D. villosa excluded from the flora of Florida.]

Watt, J. M.. & M. G. Breyer-Brandwijk. The medicinal and poisonous plants ol

southern and eastern Africa, ed. 2. xii + 1457 pp. Edinburgh and London. 1962,

[Dioscorea, 383-387.]

Wei, H., C. Ting, & K. Xu. The application of cluster analysis on the species level foi

the genus Dioscorea L. sect. Stenophora Uline in China. (In Chinese; English

mary.) Acta Bot. Yunnanica 5: 231-237. 1983. [Numerical analysis of morpholog-

ical, cytological, palynological, and chemical characters supports the recognition of

18 species in sect. Stenophora.]

WiCKHAM, L. D., L. A. Wilson, & H. C. Passam. Tuber germination and early growth

in four edible Dioscorea species. Ann. Bot. II. 47: 87-95. 1 98 1 . [D. alata, D. esculenta,

D. rotundata, D. trifida; origin of roots, shoots, and organs of renewed growth.]

Willaman, J. J., C. S. Fenske, & D. S. Correll. Occurrence of alkaloids in Dioscorea.

Science 118: 329, 330. 1953. [Alkaloids absent in the NewWorld taxa and present

in some of the Old Worid ones.]

and their contained alkaloids, 1957-1968.
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& B. G. Schubert. Alkaloid-bearing plants and their contained alkaloids. U. S.

Dep. Agr. Tech. Bull. 1234. 287 pp. 1961. [Dioscorea. Tamus, 81.]

^'iLLis, J. C. A dictionary of the flowering plants and ferns, ed. 8. (Revised by H. K.

Airy Shaw.) xxii + 1245 + Ixvi pp. Cambridge, England. 1973. [Dioscorea, 368,

369.]

/iLSON, J. E. Progress in the breeding of yam, Dioscorea spp. Pp. 17-22 in J. Miege
& S. N. Lyonga, eds., Yams. Oxford. 1982.

/UNDERLIN, R. P. Guide to the vascular plants of central Horida. 472 pp. Tampa and
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